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THE RELATIONSHIP BETWEEN RECIPROCAL 
SPRING BY WINTER WHEAT CROSSES 
AND THE CONTRIBUTION OF THEIR 
PARENTS TO HYBRID PERFORMANCE 
Abstract 
GEORGE W. PARTELOW 
Five diverse spring and five diverse winter wheat 
cultivars were crossed in all possible spring by winter 
combinations including their reciprocals to determine 
whether agronomic differences in reciprocal spring by 
winter crosses occur, and to determine the relative 
contribution of spring and winter parents to general and 
specific combining ability. Traits examined in the Fl 
generation in this greenhouse study included: 1) grain 
yield (g/plant) 2) number of spikelets per spike 3) total 
kernel weight (g) per spike 4) number of kernels per spike 
5) number of tillers per plant 6) weight (g) of 100 
kernels 7) length (mm) of flag leaf 8) width (mm) of flag 
iv 
leaf 9) peduncle length (cm) 11) number of days to 
heading, and 12) number of days to anthesis. Analysis of 
variance, Waller-Duncan t tests, and LSMEANS were used to 
analyze this data. 
Differences in reciprocals were found to occur for 
yield with significantly more yield occurring when 
the spring cultivar was used as the female. Cross specific 
reciprocal differences were found to occur in all traits. 
The extent to which the parents differed in particular 
traits was not related to the number of reciprocal 
differences observed. Some of these differences were 
environmentally sensitive. 
The winter parents were associated with the largest 
range in general combining ability for the majority of the 
traits in 1983 and 1985 and appeared to have a more 
profound effect on character performance than the spring 
parents. Greater diversity among the winter parents may 
have been the cause of this phenomena. 
Additive genetic variance, as measured by the ratio 
of pooled spring and winter means to spring by winter mean 
square interactions, was the major source of genetic 
variability in character performance. Specific combining 
ability, although significant for some traits, was not 
stable from year to year, indicating environmental 
sensitivity. There was no association between specific 
V 
vi 
combining ability and heterobeltiosis. · 
Heritability estimates were generally high. Yield 
component traits, with the exception of number of spikelets 
per spike, were lower in heritability than other traits. 
Winter wheat parents introduced into a spring wheat 
breeding program offer the potential for increasing genetic 
diversity as well as having an important role in cross 
performance. 
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INTRODUCTION 
Increasing grain yields in spring and winter wheat 
(Triticum aestivum) through cultivar development has been 
the major concern of plant breeders. This has been 
exemplified by the fact that wheat yields have been 
steadily increasing since 1930 with variety improvement 
being responsible for at least 50% of the increases. 
Nitrogen fertilizer, insecticides, herbicides and more 
sophisticated farm machinery have played a major role in 
increasing yield. Since present grain yields are far from 
the maximum theoretical yield predictions for wheat (20.2 
Mg/ha) , increases in grain yield are expected to continue 
though more research hours per unit gain in yield will be 
necessary (Duvick 1984) 
New strategies are being developed to maintain the 
high rate of increased grain yield. The development of 
hybrid wheat is one such program, although the demonstrated 
increases have not been as dramatic as that in hybrid corn 
development (Allard 1960, Briggle 1963, Bhatt 1971, Busch 
and Maan 1974) . With the realization that heterosis is the 
result of interactions between the nuclear genome and 
cytoplasmic organelles and that unique combinations of 
l 
genes within the cytoplasm can have as much an effect on 
character expression as that which occurs within the 
nuclear genome, (Srivastava 1981) , yield levels may further 
increase. Another strategy to increase grain yield is to 
widen the genetic base by crossing diverse germplasm 
including spring and winter wheats (Walton 1969, Grant and 
McKenzie 1970) . The Internation Maize and Wheat 
Improvement Center, a strong proponent of this philosophy, 
has been instrumental in the creation of new spring and 
winter wheat cultivars derived by combining spring and 
winter parents. In South Dakota cultivars derived from 
spring by winter wheat crosses have greater yield potential 
than those from conventional spring by spring crosses 
(Cholick 1984) . 
Differences in reciprocal crosses of wheat have 
not been important in most breeding programs, although they 
are known to exist (Aksel 1977) . Lack of convenience and 
sufficient Fl seed have been deterrents to reciprocal 
evaluation. With these new strategies of yield improvement 
being augmented, there may be a need to consider reciprocal 
crosses separately rather than to bulk them. This strategy 
may also be important in a hybrid wheat program, because 
the end result is the production of an Fl line. In another 
words do particular cultivars have maternal effects which 
give them an advantage over other cultivars. Maternal 
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effects are known to occur in many higher plants including 
wheat (Jinks 1964, Aksel 1977) . 
Another consideration is cytoplasmic effects. Many 
plant species are known to exhibit cytoplasmic effects 
(Sager 1972) . In angiosperms, the female parent 
contributes most of the cytoplasm, not the male. This also 
may become important in a program based on crossing diverse 
wheat types since the chances of their having nonhomologous 
cytoplasms may be much greater. This may be the case in 
the hybridization of spring and winter wheat where due to 
their growth habit they have been isolated. With the 
continuing desire to maintain existing gains in grain 
yields, cytoplasmic variation may begin to be utilized more 
extensively. It already has been suggested by Srivastava 
(1981) that it will not be long before plant breeders will 
take into account both nuclear and cytoplasmic heterosis in 
their programs. There is a lack of information on 
performance of non-equivalent reciprocal wheat crosses. 
Askel (1977) theorized that this was do to the generally 
low frequency of reciprocal differences, the lack of 
knowledge of inheritance and the complexity of reciprocal 
interactions. 
The first objective of this study was to determine 
whether differences occur in several qualitative and 
quantitative traits among reciprocal crosses of spring by 
3 
winter wheat. A second objective was to determine types of 
gene action associated with the traits and determine the 
contribution of spring and winter parents by measuring 





The phenomena of differences in reciprocal crosses 
has been known to exist for many years. One of the first 
reports in the literature was by Correns {1901) who in his 
examination of green-white variegated plants of 
jalopa, suggested that organisms were subject to 
Mirabilis 
two types 
of inheritance, Mendelian and extrachromsomal or non­
Mendelian inheritance. His work was largely ignored until 
differences in reciprocal crosses {Richey 1920, Renner et. 
al. 192 1) including cases of cytoplasmic male sterility 
were reported {Bateson et. al. 192 1, Rhoades 193 1, Rhoades 
1933) . Today most higher organisms are known to exhibit 
some form of extrachromsomal inheritance {Jinks 1964, 
Harvey et. al. 1972, Aksel 1977, Sager 1972) . 
Research in extrachromosomal inheritance increased 
when it began to be used as a tool in hybrid seed 
production of corn and grain sorghum {Duvick 1959, Duvick 
1965, Stephens and Holland 1954, Edwardson 1970) . The 
importance of the cytop�asm in a cultivar was exemplified 
by the devastation of corn hybrids with male sterile race T 
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cytoplasm by Helminthsporium maydis (Tatum 1971) . 
Cytoplasmic male sterile systems also have been examined in 
common wheat, Triticum aestivum L. (Maan 1973, Wilson and 
and Ross 1962, Mukai and Tsunewaki 1976, Maan and Lucken 
1972). 
DIFFERENCES IN RECIPROCAL CROSSES: 
Aksel (1977) and Durrant (1965) expressed the view 
that reciprocal differences were complex and could not all 
be attributable to any one cause. Differences in reciprocal 
crosses have been grouped into several causes: 1) cyto­
plasmic or extrachromsomal inheritance 2) maternal effects 
3)  genetic constitution of endosperm and 4) chromosomal 
abnormalities. 
Extrachromosomal inheritance: 
Jinks (1964) stated that "extrachromosomal 
inheritance is defined and detected as an exc�ption to 
Mendelian inheritance. " The mitochondria and the 
chloroplasts in the cytoplasm are suspected to be involved 
in non-Mendelian inheritance. Reasons for this hypothesis 
include: 1) they are involved in important plant processes 
producing key enzymes to vital plant processes independent 
of characteristics of the nuclear genome 2) they duplicate 
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themselves 3)  chromosomal material is distributed during 
cell divison. 4) they possess their own genomes and protein 
production machinery (Jinks 1964, Harvey et al. 1972, 
Srivastava 1981, Kung 1977) . Literature involving 
chloroplasts and mitochondria in extrachromosomal 
inheritance especially in cytplasmic male sterility is 
numerous. Pring and Levings (1978) reported that in maize, 
mitochrondrial DNA (mtDNA) from normal vs. male sterile 
cytoplasms differed in banding patterns while chloroplast 
(cDNA) had minor differences. More recently, Laughnan and 
Gabay-Laughnan (1983) found that mtDNA was the carrier of 
genetic determiners of male fertility in maize. 
Transmission of mitochondria and chloroplast DNA 
(mtDNA and cDNA) in crop plants is believed to be 
uniparental (Srivastava 1981) . Pring and Levings (1978) 
stated that they do not believe that paternal mtDNA is 
transmitted to the offspring during fertilization. Chen 
et. al 1977 found evidence that cDNA in parasexual corn 
hybrids contained contributions from each parent. In 
examining organelle DNA in Zea mays-Zea perennis reciprocal 
crosses, Conde et al. (1979) found that cDNA and mtDNA were 
dissimiliar in each species and they observed strict 
maternal inheritance. Srivastava (1981) indicated that 
methods of biochemical analysis may not be sophisticated 
enough to determine whether small amounts of paternal 
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extrachromosomal material are transmitted during 
fertilization. Heterotic response in Fl hybrids of corn 
has been correlated with mitochondrial activity, this 
activity was shown to be correlated to seed germination and 
radicle elongation (Sarkissian and Srivastava 1967, 
Sarkissian and McDaniel 1967, Srivastava 1981) . This 
suggests that in Fl hybridization, mitochondrial DNA may be 
exchanged between parents. Paternal inheritance has been 
found to occur in wheat for seed development (Bingham 1966, 
Jinks et al. 1972, Gill and Waines 1978) . 
Theories have been developed to account for 
character expression due to the cytoplasm. Most have 
centered around either direct cytoplasm involvement or 
nuclear - cytoplasmic interactions (Aksel 1977) . Early 
work by Renner and Kupper (1921) in male sterilty of corn 
suggested that the maternal parent provided an unsuitable 
substrate for the paternal genes. More recently Srivastava 
(1981) suggested that organelle DNA produces a repressor 
protein that effects certain nuclear genes that control key 
enzymes of organelles. Nuclear male restorer genes act by 
producing a protein which inactivates the repressor 
protein. 
Bhat and Dhawan (1970) hypothesized that 
cytoplasmic expression in maize was limited by a threshold 
concentration of polygenes in the nucleus. This was deduced 
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after first introducing increasing percentages of a genome 
into a common cytoplasm and then examining several 
quantitative characters. Others have suggested that nuclear 
genes vary in their sensitivity to cytoplasmic factors 
(Jinks 1964) . As Durrant (1965) states "there is no one 
universally recognized mechanism that would be considered 
accountable for character-expression differences between 
reciprocal crosses". Once the role of organelles in the 
overall functioning of the cell, the amount of genetic 
material present in them, and its means of transmission is 
determined, extrachromosomal inheritance as it relates to 
character expression in higher plants will become better 
understood (Srivastava 1981) . 
Maternal inheritance: 
Maternal effects cause deviations from normal 
Mendelian ratios and are a result of the embryo developing 
within the female plant. Caspari (1948) recognized this 
influence as one that could be mistaken for 
extrachromosomal inheritance. Maternal effects may be 
recognized through their inabilty to persist in succeeding 
generations (Jinks 1964, Jinks et al. 1972, Mosjidis and 
Yermanos 1984, Knowles and Mutwakil 1963, Pesev 1970) . 
Characters such as seed development, grain weight and size, 
seedling growth and emergence, and seed composition have 
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been reported to be subject to maternal influence in many 
crop plants (Eagles 1982, Thompsom et al. 19 79, Poneleit 
and Egli 1983 , Openshaw and Hadley 1978, Jellum and Marion 
19 66, Thomas and Kendra 1973, Kendra and Stefansson 19 70, 
Mosjidis and Yermanos 1984, Brim et al. 19 67) . Safflower 
oil composition is one exception where it is controlled by 
the genotype of the embryo (Knowles and Mutwakil 19 63, 
Yermanos et al. 19 67). 
Endosperm dosage effects: 
·In plants whose seeds have small endosperms, 
reciprocal differences usually are associated with either 
transient maternal effects, cytoplasmic effects, or 
abnormal chromosome behavior. In wheat, barley, oats and 
other grasses where the endosperm constitutes a large 
portion of the seed, the genetic makeup of the endosperm 
may be also an important factor in the ultimate phenotype 
(Millet and Pinthus 1980, Mojidis and Yermanos 1984, 
Necas 19 66, Dhaliwal 1977) . This is due to the fact that 
endosperm tissue is triploid, resulting from the fusion of 
the 2n female with the n male during fertilization. This 
endosperm "imbalance" has been reported to be associated 
with endosperm abortion and embryo death as well as with 
morphological characteristics of the kernel (Dhaliwal 19 77, 
Boyes and Thompson 1937). 
Abnormal chromosomal behavior: 
Abnormal chromosomal behavior especially 
preferential chromosomal segregation can cause abberant 
Mendelian ratios. In this instance the two homologues of a 
bivalent are not randomly oriented in relation to the 
spindle poles. This preferential segregation due to the 
nature of oogenesis and megasporogenesis affects female 
gametes only. Reciprocal Fl crosses may result in 
differences of expression (Jinks 1964). 
METHODS USED TO EXAMINE RECIPROCAL DIFFERENCES: 
Several methods exist for studying extra­
chromosomal inheritance. It is necessary to list a few 
assumptions to the basic methods. Exceptions to these 
assumptions will be examined later when research dealing 
with reciprocal differences in agronomic traits of wheat 
are presented. The assumptions are as follows: 1) the 
endosperm does not play a role in phenotypic variation, 
2)·if cytoplasmic or maternal effects are not present, the 
phenotype is dependent on the genotype of the embryo, 
3) extrachromosomal inheritance is transmitted by the 
female (Mosijidis and Yermanos 1984) , and 4) environmental 
effects do not contribute to variation. 
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Fl and F2 reciprocals: 
One of the most popular methods of studying 
extrachromosomal inheritance is through the use of 
reciprocal crosses. Usually Fl and/or F2 reciprocals and 
their parents are used to determine the role of the 
cytoplasm, maternal effects, and embryonic genotypic 
effects. If A/B represented a cross of cultivar "A" and 
cultivar "B" and its reciprocal B/A represented the same 
cross but with B as the female, the nuclear genotype of 
both crosses would be identical but they would differ in 
cytoplasms because it has been assumed that the female 
donates the cytoplasm. These Fl seed produced on these 
plants also have been "raised" on different mothers 
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(maternal effects) . If the reciprocals are not different 
from one another, it can be assumed that cytoplasmic and 
maternal effects are not important to trait expression. If 
they are not alike then these differences may be due to 
cytoplasmic differences or maternal effects. If cross A/B 
is similiar to A selfed or if B/A is similiar to B selfed 
then maternal effects would be considered important. 
Reciprocals in the F2 generation would be useful 
to differentiate maternal from cytoplasmic effects. 
Transient maternal effects, if present, are not important 
when comparing F2 traits that have been nutured on Fl 
111111111 
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plants (Aksel 1974, Mosjidis and Yermanos 1984, Knowles and 
Mutwakil 1963) .  Any differences found then in F2 
reciprocals should be due extrachromosomal inheritance 
(Jinks 1964, Aksel 1977, Mosjidis and Yermanos 1984) . 
Reciprocal backcross method: 
This method is useful if the environment is a 
confounding factor. This would occur if the development 
time for parents was quite different and the trait under 
examination was sensitive to environmental fluctuations. 
Thousand kernel weight in wheat would serve as a example. 
The Fl reciprocal crosses represent the maternal parents so 
variation in development time would be similiar. If the 
cross (A/B)/A is different from (B/A)/A then differences 
are presumed to be due to extrachromosomal inheritance. If 
(A/B)A equals (A/B)/B given the different genetic makeup in 
the nuclei, the maternal tissues or genotype controls the 
trait (Mosjidis and Yermanos 1984) . 
The reciprocal backcross method is subject to 
several limitations (Mosjidis and Yermanos 1984): 1) No 
information is gathered on the persistance of differences 
beyond the F2, 2) within plant variation may not be 
random, 3)  no information on nuclear gene action is 
obtained. 
435880 
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Nuclear substitution method: 
Another type of backcrossing procedure can be used 
to measure nuclear by cytoplasmic interactions. It involves 
backcrossing a desired cultivar "A" to the same female 
cultivar "B" a number of times. With five or more 
backcrosses, a cultivar is produced with nuclear 
constitution of "A",  but cytoplasm of "B".  In this way it 
is possible to analyze the effects of different cultivars 
on a constant cytoplasmic background or vice versa. 
(Caspari 1948, Kihara 1951). No maternal or endosperm 
dosage effects confound the cytoplasmic effects. This 
method has been used most extensively in cytoplasmic male 
sterility programs though not exclusively (Allan 1980) . 
Other models: 
Other models and statistical methods exist to analyze 
extrachromosomal inheritance, maternal effects and in some 
cases to measure quantitative genetic parameters, but it is 
not the intent of this review to describe all of them 
(Durrant 1965, Tyson 1973, Aksel 1974, Cockerham and Weir 
1977, Jinks et al. 1972, Chandraratna and Sakai 1960). 
one relevant method is that of Cockerham and Weir 
(1977) which utilizes reciprocal Fl hybrids. The model uses 
a factorial mating design between two distinct sets of 
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parents and is based on Design II of Comstock and Robinson 
1952. It is possible to analyze the two factorial mating 
designs separately, ij and ji or pool the matching sum of 
squares, depending upon the importance of reciprocal 
effects. Appropiate expected means squares can be estimated 
and used to estimate heritablity (Becker 1968) . General and 
specific combining abilities also can be estimated. 
AGRONOMIC AND QUALITY TRAITS AFFECTED: 
Reciprocal crosses: 
Few experiments have been reported to evaluate 
differences in reciprocal crosses in wheat. If cytoplasmic 
male sterility is excluded. McNeal et al. (1968) examined 
reciprocal crosses of four cultivars for wheat quality 
traits and several agronomic characteristics. Quality 
traits included: 1) percent wheat and flour protein, 
�) milling yield percent, 3)  sedimentation, 4) percent 
absorption, 5) stabilization, 6) peak time, and 7) valori­
meter. Agronomic traits included: 1) days to heading, 2)  
plant height, 3 )  culm numb er, 4) spikelets per head, 5) 
test weight, and 6) grain yield. Comp- arisons of F2 and 
F3 populations of reciprocal crosses in the field for the 
above traits yielded few differences. Only 2 of 64 quality 
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comparisons and 3 of 28 agronomic comparisons were 
significantly different. Significant differences were 
obtained for flour and wheat protein, and height. 
Similiarily, El-Haddad (1974) found in equality in 
reciprocal wheat crosses for plant height as well as for 
heading date. The distributio of the F2 and F3 populations 
for quality and agronomic traits never exceeded either 
parent except in one cross for test weight. Most were 
intermediate to both parents. 
Bhatt and McMaster (1976) examined variation of 
flour color in bread wheat (Triticum aestivum L. ) using 
the seed produced from reciprocal Fl and F2 plants. 
Significant reciprocal differences were found fo� pigment 
content in the seed from Fl plants. When the parent with 
the lowest pigment was used as the female, the mean value 
was lower than when the higher pigment parent was used as 
the female. These differences persisted in the next 
generation, but not to the same extent. Maternal effects 
or endosperm dosage effects were cited as possible 
explanations for these differences. Maternal effects 
according to Knowles and Mutwakil (1963) should not be 
present. Because flour color is primarily associated with 
the endosperm (Bhatt and McMaster 1976) , endosperm dosage 
may be one factor influencing this trait though cytoplasmic 
effects should not be ruled out. 
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Kinoshita and Kihara (19 82) observed 
nuclear-cytoplasmic heterosis in Chinese spring with the 
cytoplasm of Aeqilops sguarrosa. The intensity of 
heterosis in the Fl's was greatest when Ae. sguarrosa was 
used in the background. No theory was suggested to descibe 
this phenomena. Traits considered were plant height, 
heading date, spike weight, seed weight and spike and culm 
length. 
It has been reported that grain weight or seed 
development in wheat is influenced by more than the genetic 
makeup of the embryo nucleus (Millet and Pinthus 19 80). 
Nelson (194 8) found that kernel size of barley was subject 
to maternal influence and this observation was supported by 
Necas (19 66) . Differences in reciprocal crosses in wheat 
have ranged from normal seed development to complete 
endosperm abortion and embryo death (Gill and Waines 197 8) . 
Johnson and Dhaliwal (1976) in examining Fl reciprocal 
crosses between Triticum boeoticum and� urarta found 
similiar differences which they attributed to cytoplasmic 
effects. Dhaliwal (19 77) examined this phenomena again, 
since endosperm dosage was also different in the reciprocal 
crosses, and determined that endosperm dosage was the 
reason for the observed differences between the 
reciprocals. This determination was accomplished by a 
backcrossing procedure which resulted in two nuclear 
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substitution lines, T. boeoticum and � urartu, with each 
others cytoplasm. These two lines were normal for seed 
development until they were again hybridized to the 
respective parent, after hybridization they reverted back 
to large shrivelled nonviable and small plump viable seed. 
Gill and Waines (1978) also evaluated seed 
development in wheat hybrids in� urartu, Ae. sguarrosa, 
and Ae. speltoides. Altering genome ratios using this 
technique,they were able to create F1 hybrids with balanced 
endosperm genomes that still produced shrivelled seed. 
Endosperm genomes with the the highest female to male 
genome ratio produced the best seed. They hypothesized 
that a factor in the pollen or male gametes which exhibited 
a dosage effect caused differences in seed development. 
This was supported by Bingham (1966) who found a paternal 
effect on grain size in wheat� 
Millet and Pinthus (1980) suggested that seed 
development or grain weight may not only be dependent upon 
the hybrid tissues but also on the genotype of the maternal 
tissues. They first found in their analysis of F1 
reciprocal hybrids of light versus heavy seed that 
differences were determined by the materal parent. They 
hypothesized that one endosperm dose for heaviness had no 
influence on grain weight but two or three doses resulted 
in heavy grain. If this was true then the mean weights of 
the F2 grains should be intermediate to the two parents. 
But it was found that all the crosses resembled the 
heaviest parent of each cross. It was suggested that the 
genotype of the maternal tissue was the most important 
determinant of kernel weight. 
Reciprocal differences for magnetotropism were 
examined by McKenzie and Pittman (1980) through the use of 
Fl, F2, and B2 populations involving the winter wheat, 
Kharkov 22 MC and the spring wheat, Reward. Kharkov 22 MC 
is known to exhibit magnetotropism north to south and. 
Reward does not. Magnetotropism response was dependent­
upon the choice of the female parent in all populations, 
indicating that cytoplasmic effects were important in 
determining this characteristic. 
Stein (1984) examined spring by winter and winter 
by winter reciprocals for differences in several agronomic 
traits in the greenhouse and field including heading date, 
physiological maturity, plant height, tiller number, 
kernels per spike, kernel weight, grain yield, and anthesis 
date. Differences in reciprocal crosses were cross 
specific. The Yamhill x Siete Cerros hybrid and its 
reciprocal were different in heading, anthesis date and 100 
kernel weight, and the Yamhill x Anza hybrid and its 
reciprocal were different for tillering capacity. These 
two crosses were the only ones that behaved similiarly in 
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the field as they did in the greenhouse. Differences 
between reciprocal crosses also have been found for 
tillering in barley (Necas 1966) . Two reciprocal crosses 
were significantly different for yield but the difference 
was not due to the wheat type (spring or winter) used as 
the female. Aksel (1977) in his examination of F2 spring x 
winter wheat reciprocals found a significantly greater 
yield in two of the pairs when the spring type was used as 
the female. He also found one reciprocal pair was 
significantly different for kernel weight. No relationship 
was found between the extent to which parents differed and 
reciprocal differences. Also, no clear relationships 
between heterobeltiosis and reciprocal cross differences 
were found. Muehlbauer et al. (1971) in his examination of 
cytoplasmic effects in Fl reciprocal spring and winter oat 
hybrids for yield component and agronomic traits found 
similiar non-Mendelian ratios. In examination of F2 and F3 
oat populations, fewer differences were found which may 
have been due to the loss of maternal effects or the change 
of planting from the greenhouse to the field. General 
combining ability was important in the F2 and F3 
generations and specific combining ability was significant 
for tillering and height in the Fl. 
Muehlbauer et al. (1971) also hypothesized that 
vernalization in oats may be under cytoplasmic control 
although he was unable to prove it had an influence on 
winter hardiness (Muehlbauer 1970) . Non-mendelian control 
over vernalization is supported by Lyashchenko ( 19 71) in 
. spring by winter wheat hybrids. Also, Necas ( 19 66) found 
unequal reciprocal barley crosses for growth habit which 
may be related to hardiness. 
Nuclear substitution lines : 
2 1  
Nuclear cytoplasmic interactions for agronomic 
traits in wheat also have been investigated through the use 
of nuclear substitution lines (Busch and Maan 1978 , 
Washington and Maan 1974 , Kofoid and Maan 19 80 , Kofoid and 
Maan 19 82 , Ward et al. 1983, Washington and Maan 19 74, and 
Wilson and Ross 19 62) • Ward et al. ( 19 83) studied the 
effects of photoperiod and vernalization when the cytoplasm 
of Triticum timopheevi was substituted into winter wheat . 
Interactions between cytoplasm and photoperiod or 
vernalization suggested that there may be factors in the 
cytoplasm altering the "normal" response . Disease 
resistance to wheat leaf rust, Puccina recondita, was 
studied in three alloplasmic spring wheat lines. It was 
hypothesized that alien cytoplasms alter the nuclear genes 
in some way which changes their expression in the presence 
of physiogical races of leaf rust . These interactions may 
be accounted for by Srivastava ' s  ( 19 81) biochemical 
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hypothesis of cytoplasmic male sterility discussed earlier. 
Busch and Maan (1978) investigated 6 alien 
cytoplasms in two spring wheat culitvars, Chris and 
Selkirk and found differences in heading date , plant height, 
grain yield test weight, protein and loaf volume. They 
concluded that T. macha, T. dococcoides, and Ae. sguarrosa 
cytoplasms offered the best sources of extrachromosomal 
variability available to the breeder. Similiar results 
were obtained by Kofoid and Maan (1982) in a more 
comprehensive study involving 14 alloplasmic lines all 
using the wheat cultivar, Selkirk. To summarize earlier 
results, it appears that most agronomic traits are subject 
to alien cytoplasmic nuclear interactions. To some degree, 
Kofoid and Maans • (1982) comment is most appropiate, "alien 
cytoplasms had differential effects on the expression of 
the wheat genes controlling agronomic and bread-making 
quality traits. In general, the kind a·nd degree of 
cytoplasmic effects corresponded to the genomic 
similiarities among the cytoplasm donor species and between 
the cytoplasm and nuclear donor species. "  
General Combining Ability: 
General combining ability (GCA) is a measure of an 
inbred line or strain ' s  ability to perform or yield well in 
23 
hybrid combinations. It has been associated predominantly 
with additive gene action (Sprague and Tatum 1942, 
Alexander 1980) although Sokol and Baker (1977) also found 
epistatic gene action to be involved. Specific combining 
ability (SCA) is a measure of deviation from performance of 
particular combinations predicted on the basis of general 
combining ability. It is attributed primarily to 
non-additive genetic variance. It has been reported that 
general combining ability (GCA) and additive gene action 
are the major sources determining variation in quantitative 
traits in wheat (Bhatt 1971, Grant and McKenzie 1970, 
Kronstad and Foote 1964, Bitzer and Fu 1972 Gyawali et al. 
1968, Petpisit 1980). 
Kronstad and Foote (1964) examined 10 winter wheat 
cultivars for combining ability of yield and yield 
components and found that cultivars with high combining 
ability individually had the greatest yield in hybrid 
combination. The importance of general combining ability 
in choice of parents to maximize heterosis has been well 
documented (Peterson et al. 1969, Brown et al. 1966, Bitzer 
and Fu 1972, Gyawali et al. 1968, Petpisit 1980). 
High levels of heterosis occur between spring and 
winter wheat crosses. Grant and McKenzie (1970) 
hypothesized that this was due to the genetic diversity of 
the two gene pools which is not present in conunerically 
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grown spring wheat cultivars. No estimates of were made of 
combining ability. 
Konstad and Foote (1964) concluded that selecting 
on the basis of yield components rather than yield per se 
would be more efficient in a breeding program due to the 
larger ratios between general combining ability and 
specific combining ability mean squares. This has been 
supported by heritability estimations (Bhatt 1972, Johnson 
et al. 1966, Sidwell et al. 1976) . Bhatt (1971) in 
examining 8 spring wheat cultivars however, found grain 
yield to be influenced significantly by additive gene 
action, while most yield component traits were 
significantly influenced by both general and specific 
combining ability. 
HERITABILITY : 
Heritability in the broad sense is a measure of 
the amount of tot�l genetic variance in relation to the 
total phenotypic variance associated with a particular 
characteristic. Plant breeders traditionally have been 
concerned with narrow sense heritability which is the ratio 
of the additive genetic variance to the phenotypic variance 
because this is the portion which is transfered to the 
progeny. 
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Heritability estimates are subject to variation 
based on the method of determination, the environmental 
conditions, and the population studied (Sidwell et al. 
1976) . The heritability of grain yield in the narrow sense 
has been reported to range from approximately 0. 10 to 
0. 20, while kernel weight has been found to be moderately 
to highly heritable with estimates of approximately 0. 5 
(Bhatt 1972, Johnson et al. 1966, Sidwell et al. 1976, 
Fonseca and Patterson 1968) . Other yield component traits 
like tillers per plant, kernel number and spiklets per 
spike, and kernels per spikelet are believed to be low in 
heritability (Ibrahim et al. 1983, Sidwell et al. 1976, 
Fonseca and Patterson 1968) . Sidwell et al. (1976) 
reported that kernel weight especially in early generations 
was the best indicator of grain yield. Heritability 
estimates of heading date and plant height have been 
reported to be moderate to high in spring wheat (Bhatt 
1972, Anwar and Chowdhry 1969, Johnson et al. 1966) . 
CONCLUSION: 
Many unanswered questions still exist on 
transmission of extrachromosomal factors and the ir role in 
causing variation in the phenotype. It seems that detailed 
mechanisms to explain the inequality in reciprocal crosses 
and the variation in nuclear substitution line will result 
only after analysis at the biochemical level has been 
successfully completed. 
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MATERIALS AND METHODS 
Experimental material : 
Five spring and five winter wheats were used in 
this experiment. The five spring wheats were : 1) Butte 
(BUT) 2) Eureka (EE) , 3) Ciano 79 (CNO) , 4) Thrush ' S '  
(THR), and 5) James (JAM). The five winter wheats were : 
1) Aurora (AUR) , 2) Probstdorfer extreme/Tobari66 (PEX), 
3) Centurk 78 (CTK) , 4 Tx71A407 (TX7), and 
5) Peking16 . •• /Lovrinl3//Jingeswong (PEK). Descriptive 
information on these cultivars is given in Table 1 of the 
appendix. These cultivars were chosen because 
agronomically, they represented a wide range in character 
expression and genealogically, they were not closely 
related to each other. Sources of these cultivars were 
either the Hard Red Spring Wheat Program at south Dakota 
State University or the Oregon State University Wheat 
Program. 
Reciprocal crosses were made between the spring 
and winter wheat cultivars, in the Summer and Fall of 19 82 
in the greenhouse. During hybridization , care was taken to 
insure that only one male was used to fertilize each 
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emasculated female spike. Parental seed came from bagged 
heads to insure genetic purity. Upon maturity, hybrids 
were hand thrashed and the seed stored in a cold chamber 
for later use. 
Preparation for greenhouse experiment : 
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Approximately seven weeks prior to transplanting, 
hybrid seed was vernalized in replicated flats in a 
randomized complete design (RCB) design in soil consisting 
of 1 part sand, 1 part peat, and 1 part soil. The 
vernalization chamber temperature varyed between 1. 1 ° c to 
4. 4 ° c  and light was provided by fluorescent and/or 
incandescant bulbs for 12 hours per day. One day before 
being planted into the greenhouse, flats with seedlings 
were removed from the chamber and allowed to equilibrate to 
room temperature. 
Greenhouse design and management: 
The greenhouse experiment was planted in the 
Spring of 1983 ,  1984 and 19 85. The experiment consisted of 
a facto�ial design with 3 _replications. Crosses 
representing rows were arranged so that each cross and its 
reciprocal were paired. In every replication plants from 
each row or cross originated from one head. All paired 
reciprocal crosses and their parents were randomized in 
each replication in 1985. Parents were not included in 
1983 and 1984. 
Seedlings were space planted into greenhouse beds, 
90  centimeters wide. Five plants were spaced 13 
centimeters apart per row, and rows were 15 centimeters 
apart. Care was taken not to allow soil temperatures to 
rise above 20 ° C during the first 3 weeks of growth. The 
soil was adequately fertilized before each planting. Air 
temperatures ranged from 15 ° C (night) to 31 6 c (day). 
Additional light was provided, 12 hours per day. 
Agronomic traits examined: 
The agronomic �raits are described below. In 
parenthesis are the abbreviations that will be used when 
referring to these traits. 
1. Heading date (HD) was based on the number of days 
from planting date to when the primary tiller of each 
plant had its spike fully emerged from the boot. Other 
variables based on time were also measured from planting 
date. 
2. Anthesis date (ANT) was established on the first sign 
of anther extrusion by the main tiller of each plant. 
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3. Peduncle length (PD) was measured on each main tiller 
from the base of the flag leaf to the base of the culm at 
maturity. 
4. Flag leaf length ( LLN} and width (LWD) were measured 
on the main tiller of each plant. 
s .  Plant height ( HGT) was measured from the base of the 
plant to the top of main spike excluding the awns. In 19 83 
this was not done on a single plant basis. 
6. Tillers ( TL} were counted on a individual plant basis 
at heading. 
7. Yield component data was determined by harvesting the 
spike from the main tiller of each plant ( 5  plants per 
row} . The traits that were measured follow: a) spikelets 
per head ( SPIK), b) kernel number per spike ( KER), c) total 
kernel weight per spike in grams (KWT), d) individual 
kernel weight in grams was based on the following 
expression ( Kl00W) = 100 * KWT / KER, and e) yield in 
grams per plant was based on the following expression, 
(GMPL) = TL *  KWT. 
3 0  
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statistical design : 
Based on the factorial design mentioned 
previously, sources of variation due to paired crosses 
averaged over reciprocals, cytoplasm (winter or spring 
type) averaged over paired crosses, and cross by cytoplasm 
interaction were estimated. This conformed to the additive 
linear model : 
Yijk = Pi . .  + C. j. + PCij. + R . .  k 
where Pi . •  = effect of paired cross, 
c. j. = reciprocal effect or that due to 
winter or spring female cytoplasm, 
PCij. = effect due to cross by cytoplasm 
interaction, and 
R . .  k = effect of replications. 
(Cockerham and Weir 1977) 
Statistical analysis in the form of F tests 
indicated whether or not the chosen parents were 
different from one another for the trait (s) in question. 
Effects of cytoplasm indicated whether the choice of 
cytoplasm in the cross had an important influence on the 
trait (s) . Cross by cytoplasm interactions indicated how 
specific paired crosses reacted to winter versus spring 
maternal parents. Differences in phenotype between paired 
reciprocals would be attributed to extrachromosomal 
inheritance, maternal or paternal effects, or endosperm 
dosage effects. Least square means (LSMEANS) using the 
Statistical Analysis System (SAS) was used for testing 
the null hypothesis that reciprocals were equal. For the 
over year analysis, reciprocals were averaged before the 
analysis. 
Using the -same greenhouse layout, it was possible 
to estimate maternal and paternal effects and maternal by 
paternal interaction based on experiment II of Kempthorne 
(1957) and later modified by Cockerham and Weir (1977) . 
This method allowed - the determination of the following 
components: 1) maternal, paternal, and maternal by paternal 
interaction variance components, 2) maternal and paternal 
general combining ability, 3) specific combining ability, 
and 4) heritability. The additive linear model is given by : 
Y ijk = u + Mi +  Pj + (MP) ij, 
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= kth observation of offspring from 
maternal parent "i" and paternal 
parent "j", 
= mean, 
= total maternal effect, 
= total paternal effect, and 
= interaction of M and P. 
(Cockerham and Weir 1977) 
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Each reciprocal set, ij and ji, was analyzed 
separately so that in one analysis the maternal parents 
were all spring types and in the next analysis they were 
paternal. In the case of significant reciprocal effects, 
the components outlined above, were estimated for each set. 
Otherwise, component determination was based the effects 
of spring and winter parents regardless of the direction 
of the cross. In the above model, the substitution of 
spring for maternal and winter for paternal is necessary. 
The relative performance of each cultivar in terms 
of r general combining ability , was determined by a 
Waller-Duncan multiple range test. General combining 
ability estimates were based on the direction of the cross 
used only when reciprocal effects were significant. The 







= Xi. / N (spring as female) , 
= X. i / N (spring as male) , 
= (GCAi. + GCA. i) /2, 
= Xj. / N 
= X. j / N 
= GCAj . 
(winter as female} ,  
(winter as male) , 
+ GCA. j ,  
where ps = pooled spring, 
pw = pooled winter, and 
N = number of observations. 
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· Heritability estimates were based on the following 
equations (Becker 1968, Hallauer and Miranda 1982) : 
h2sp = 2 * (sp variance component) / variance of TS 
h2wn = 2 * (wn variance component) / variance of TW, and 
h2pool = (sp + wn variance components) / variance 
of TP, 
where TS = variance components ( (2 * sp) + 
(2 * sp*wn/5) + (2 * sp*yr/3) + 
(2 * sp•wn•yr/15) + (error/45) ) ,  
TW = variance components ( (2 * wn) + 
(2 * sp*wn/5) + (2 * sp•yr/3)  + 
(2 * sp•wn•yr/15) + (error/45) ) ,  
TP = variance components ( {2* sp) + 
( 2 *  wn) + ( 2  * sp*wn/5) + (sp*yr/3) + 
(wn*yr/3)  + (2 * sp•wn•yr/15) + 
(error/45) ) ,  and 
sp = spring, 
wn = winter, 
yr = year, and 
pool = sp and wn pooled. 
These heritability estimations were based on progeny 
means. 
3 5  
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RESULTS 
Parental information: 
Parental yield component data for 19 85 is given in 
Table 1. No parental differences were detected among the 
parents for tillers per plant {TL) based on an F test even 
though the range within the winter parents was over five 
times greater than that of the spring parents. The traits, 
spike weight (KWT) , grams per plant {GMPL), kernel number 
per spike (KER) and 100 kernel weight (Kl00W) were 
significantly different from one another based on an F 
test. Winter means KWT and Kl00W, were significantly 
greater than the spring means with ranges within the winter 
parents twice as large or larger for these traits. No 
parental differences were found for spikelets per spike. 
Coefficients of variation were highest for GMPL as well as 
KWT and TL which are components of GPML. 
In Table 2, agronomic traits for parents used in 
19 85 are presented. Significant differences between the 
parents occurred for all variables. The winter cultivars 
were significantly wider in flag leaf length ( LWD) and 
later in heading (HD) and anthesis ( ANT) than the spring 
Tab le  1 .  Parenta l yield coq>0nent ana lys is  for 1985 . 
Spr i ng  TL KWT 
JAM 8.2  AB 1 .88 D 
EE 8 .3  AB 2 . 1 8  CD 
THR 8 . 2  AB 2 . 1 2  CD 
BUT 8 .8  AB 2 . 00 CD 
CNO 9. 1 AB 2 . 52 BC 
mean 8 . 5  2 . 14* 
range 0 .9  0 .64 
Winter 
AUR 7.8  AB 3 . 00 B 
PEK 7.6 AB 2 . 32 CD 
CTIC 1 0 . 8  A 2 . 22 co 
PEX 6 . 1  B 3 . 58 A 
TX7 8 . 1 AB 2 . 01 CD 
mean 8 .  1 2 .60 
range 4 . 7  1 . 57 
MSE 2 . 5  0 . 1 0  
F 1 .  7 8 . 03 
GRAND MEAN 8.3  2 .37 
CV 19 . 2  13 .49 
P PARENTS 0 . 2  · LT . 0 1  
D I F FER 
GMPL 
1 5 . 76 B+ 
18 . 29 AB 
17  . 1 0 B 
17 .79 AB 
21 .95 AB 
18 . 18  
6. 19  
20 .80 AB 
17.32 B 
24 .64 A 
22 .35 AB 
1 5 .95 B 
20 . 20 
8.69 
1 1 .35 
2 . 58 
19 . 19 
17.61 
0 . 04 
KER 
48 .0  CO 
48 .3 CD 
46.6 CD 
49.5  BCD 
61 .4 A 
50 .8  
14 .8  
48.5 CO 
41 .6 0 
53 .6 ABC 
60 .0  AB 
52 . 1  ABCO 
5 1 . 2  
18 .4  





K1 00\J SP I KE 
3 .92 CD 1 5 . 1  AB 
4 . 53 C 16 .6  AB 
4 . 53 C 1 5 .4 AB 
4 .03 CD 1 4 . 4  B 
4 . 09 co 1 4 . 8  AB 
4 . 2 1** 1 5 .3 
0 .61 2 . 2  
6 . 23 A 16 .9  AB 
5 . 59 B 16 .7  AB 
4 . 1 4  CD 16 . 5  AB 
5 . 98 AB 17 . 5  A 
3 .86 B 1 5 . 1  AB 
5 . 16 16 . 5  
2 . 37 2 . 4  
0 . 1 4 1 .62 
1 5 .70 1 .98 
4 .69 1 5 . 88  
8 . 03 8 . 01 
LT . 0 1  0 . 1 1  
+ Letters i n  comnon are not s i gn i f i cant ly di fferent from each 
other based on Wa l l er -Duncan KRAT I0= 100 and ana lys i s  of 
var i ance. 
* Spr i ng means s i gni f i cant ly di fferent from wi nter mean at 0 . 05% 
l evel of s i gn i f i cance based on F test . 
** Same as above except at 0 . 011 leve l . 
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Table  2 .  Parenta l means and thei r ana lys i s  for severa l 
qua l i tat i ve and quanti tat ive tra i ts for 1985 . 
Spr ing LLN LW HGT PD HD 
JAM 317 .5  BC+ 16 .8  co 99.3 B 31 . 7  AB 47. 7 E 
EE 337.3  AB 1 7. 8  BCD 1 13 .6  A 36. 2  A 54 .6  CD 
THR 31 0 . 5  BCD 1 7. 7 BCD 87.6  E 25 .4 BCD 48 .9  E 
BUT 290 . 0  COE 1 5 . 7  D 98. 7  B 28 .6  ABC 50 . 1 E 
CNO 345 . 8  AB 18 . 2  BC 87. 1  E 26 .4  BCD 51 . 1  DE 
mean 320 . 2  1 7 . 2* 97.3  29.7  50. 5** 
range 55 . 8  2 . 5  26. 0  1 0 . 8  6 . 9  
Wi nter 
AUR 357.3 A 2 1 .7  A 95 . 0  BCD 19 . 1 D 67. 7  A 
PEIC 275 .3  OE 19 .8  AB 96 . 5  BC 19 .9  CD 55 . 8  C 
CTIC 280 . 7  OE 16 .9  CO 1 1 2 . 0  A 26 .9 BCD 60 .7  B 
PEX 361 . 7 A 21 . 5  A 91 . 1  COE 22. 3  CD 65 . 3  A 
TX7 260 . 0  E 1 7.4  CD 90 . 1  OE 24 . 2  BCD 54 .6  CD 
mean 307 .0  19 . 5  96 .9  22 . 5  60.8  
range 101 . 7  4 . 8  21 .9 7. 8 1 1 . 9 
MSE 463 . 4  1 .  7 19 .9  23 . 5  6 .6  
F 8 . 5  7 .2  5 . 7  3 . 5  21 . 1  
GRANO MEAN 313 .6 18 .3  97. 1  26 . 1  55 . 6  
CV 6 .9  7 .0  3 .7  18 .6  3 . 2  
P PARENTS LT . 01 LT . 01 LT . 0 1  LT . 0 1  L T  . 01 
D I FFER 
+ Letters in cOlffllOn are not s i gni f i cant ly di fferent from each 
ANT 
64 .  1 D 
59.9 C 
54 .9 D 
56 . 7  co 
56 .6 co 
56 .4* 
5 . 8  
72 .6  A 
60 . 2  C 
65 . 9  B 
71 . 2  A 
60 .9  C 
66. 2 
1 2 . 4  
7 .8 
16 .5  
61 .3  
3 .3  
LT . 0 1  
other based on  Wa l ler -Duncan KRAT I 0=100 and ana lys i s  of  var i ance . 
* Spri ng mean s i gn i f icant ly di fferent from wi nter mean at 0 . 05% 
l eve l of s i gn i f i cance. 
** Same as above but at 0 . 01% level . 
3 8  
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wheat cultivars. Ranges within the winter parents were 
approximately twice as large or larger than the range in 
the spring parents for flag leaf length (LLN) , LWD, HD and 
ANT. Coefficient of variations were all under 9. 0 % except 
peduncle length (PD) at 18. 6. % 
Reciprocal evaluation: 
Analysis of variance information on cross, 
reciprocal, and cross by reciprocal effects over years for 
all traits except GMPL, HD and ANT are reported in the 
appendix (Tables 2A through 4A). Although all variables 
exhibited significant cross effects, GMPL was the only 
trait with significant reciprocal effects (Table 3). When 
the spring types were used as females, GMPL was greater 
than when the winter types were females. This occurred in 
every year but was only significant in the over year 
analysis. Tillers per plant (TL) and KWT showed similiar 
trends over years but were not significant on the over year 
analysis (Appendix Table 2A) . Significant cross by 
reciprocal effects were detected only in HD and ANT (Table 
3). No significant year by reciprocal effects were found 
for any of the traits examined although all characters had 
significant year by cross interactions effects. Analysis 
of variance information for within year effects is provided 
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Table 3 .  Ana lys i s  o f  var iance over years for tra i t  
grams per plant (GMPL ) .  
GMPL 
Source DF  ss F Pr F 
Year  2 414 53 LT . 01 
Cross 24 679.5  3 . 3  L T  . 01 
Rec i p  2.6 4 . 5  0 . 02 
Cross*Rec i p  24 65 0 . 7  . 83  
Year*Cross 48 410  2 . 2  L T  . 01 
Year*Rec ip  2 0 . 1 1  0 . 01 0 . 98 
CV 16.93 
RMSE , D F  1 .98 ,48 
R2 0 . 89 
Ana lys i s  of var i ance over years for vari ables HD and ANT . 
HD ANT 
Source O F  ss F Pr F ss F Pr  F 
Year 2 1 94 1 71 LT . 01 1 149 13 15  LT  . 01 
Cross 24 1 196 14 LT . 01 1 203 16 . 5  LT  . 01 
Recip 1 .  7 2 . 5  0 . 25 0 . 3  1 . 5 0 .35 
Cross*Rec ip  24 35 .6  2 .6  LT  . 0 1  30 .7  2 . 9  L T  . 01 
Year*Cross 48 1 73  6.3 LT .01  145 .8  7 .0  LT  . 01 
Year*Rec i p  2 1 .3 1 .2 0 . 32 0 .4  0 .5  0 .61 
CV 1 . 51 1 . 17  
RMSE , D F  0 . 75 , 48 0 .66,48 
R2 0 .98 0 . 99  
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in the appendix (Tables SA through 16A) . Due to small 
sample sizes each year and the lack of significant 
interactions involving years and reciprocals, analysis over 
years was considered to provide the best estimate of 
differences in reciprocals. 
To provide additional information on specific 
crosses and their reciprocals, an LSMEANS test was 
performed on cross by reciprocal interactions within and 
over years for all the traits examined. Evidence has been 
provided to indicate that differences in reciprocals are 
cross specific (Stein 1984, Aksel 1977) . Examining yield 
component traits beginning with over year analysis for TL 
in Table 4, the cross JAM/AUR was statistically different 
(0.01) from its reciprocal. When JAM was used as the 
female, TL was 1. 3 tillers per plant less than when Aur was 
the female. This trend was consistant over years, although 
it was not significant in 1985 (Table 5) . Kernel weight 
per spike (KWT) in Table 4 did not show a significant 
difference in reciprocals for the JAM/AUR cross though 
their was a trend for lower yield per spike over years and 
in years, 1983 and 1984 as shown in Table 6 when JAM was 
used as the female. Two other crosses JAM/TX7 and CNO/AUR 
were associated with d1fferences in KWT in their 
reciprocals with high KWT when the spring was the female. 
(Table 4) . This over year response in these crosses was 
Table 4 .  Average o f  the F 1  hybrids and reci proca l d i f ferences observed 
for TL ,  ICWT , and GMPL over 1983 , 1984 and 1985 . 
Cross TL K\.IT GMPL 
i j  j i  d i j  j i  d i j  j i  
But/Aur 5 . 4  4 . 9  0 . 5  2 . 56 2 . 59 - 0 . 10  1 3 . 82 1 2 . 74 
But/Pex 4 . 7  4 . 5  0 . 2  2 . 34 2 .35 - 0 . 01 1 0 . 70 1 0 .3 1  
But/Pek 4 . 6  4 . 9  - 0 . 3  1 . 95 2 . 18 - 0 . 23 8 . 69 1 0 .48 
But/Ctk 7. 1 6 .4  0 .7  2 . 29 2 . 21 0 . 08 1 6 . 07 1 4 . 1 4  
But/Tx7 5 . 7  5 . 6  0 . 1  2 . 1 7  2 . 08  0 . 09 1 1 . 69 1 1 . 21 
Jam/Aur 4 . 7  6 .0  - 1 . 3* 2 . 23 2 .42 - 0 . 1 9  1 0 .45 1 4 . 39 
Jam/Pex 5 . 2  5 .4 - 0 . 2  2 . 60 2 . 56 0 . 04 13 . 24 1 3 . 32 
Jam/Pek 4 . 1  4 . 2  - 0 . 1 2 . 1 1  1 .90 0 . 21 8 .40 7 .88 
Jam/Ctk 5 . 8 5 . 6 0 . 2  2 . 1 2  2 . 23 - 0 . 1 1  1 2 . 82 1 2 . 52  
Jam/Tx7 5 . 7  5 .6 0 . 1 2 . 27 1 .91 0 . 36* 1 2 . 97 1 0 . 67 
Cno/Aur 4 .8  4 . 7  0 . 1  2 .92 2 . 57 0 .35* 1 3 .n 1 2 . 34 
Cno/Pex 4 . 2  4 . 2  0 2 . 23 2 . 1 5 0 . 08 
Cno/Pek 4 . 1  4 . 1  0 2 . 20 2 .39 - 0 . 19 
Cno/Ctk 5 . 2  5 . 2  0 2 . 48 2 . 28 0 . 20 
Cno/Tx7 4 . 4  4 . 0  0 .4 2 . 23 2 . 1 3 0 . 1 0  
EE/Aur 5 . 2 5 .8 - 0 .6 2 . 72 2 .82 - 0 . 1 0  
EE/Pex 5 .8 5 .3 0 . 5  2 . 59 2 . 55 0 . 04 
EE/Pek 4 . 4  4 . 6  - 0 . 2  2 . 28 2 . 18 0 . 1 0  
EE/Ctk 7 .0  6.4  0 .6  2 . 38 2 .40 - 0 . 02 
EE/Tx7 5 .4 5 .6 - 0 . 2  2 . 39 2 . 25 0 . 14 
Thr/Aur 5 . 6  5 . 4 0 . 2  2 . 54 2 . 43 0 . 1 1  
Thr/Pex 5 .3 4 . 8  0 . 5  2 . 25 2 . 37 - 0 . 1 2  
Thr/Pek 4 .9  4 . 5  0 . 4  2 . 08 2 . 22 - 0 . 14 
Thr/Ctk 5 . 1  5 . 2  - o  . 1  2 . 02 2 . 16 - 0 . 14  
Thr/Tx7 4 . 5  4 . 5  0 1 .94 1 . 87 0 . 07 
mean 5 . 2  5 . 1  2 .32 2 . 29 
+ = s i gn i f i cant ly  di fferent at 1 0  percent l eve l 
* = s i gn i f i cant ly  d i fferent at 5 percent leve l 
** = 
i j  = 
j i  = 
d = 
s i gn i f i cant ly d i fferent at 1 percent leve l 
spr i ng  " i "  as fema le, wi nter 11 j 11 as ma l e .  
wi nter 11 j 11 as fema l e, · spr i ng " i "  as ma l e. 
di fference ij  · j i .  
9 . 5 1  8 . 98 
9 . 08 9 . 66  
1 2 .  71 1 1 .  70 
9 .99 8 .46 
1 3 . 96 1 5 .93 
14 . 61 1 3 . 21 
9 . 88  9 . 93 
1 6 .48 1 5 . 07 
1 2 . 19 1 2 . 55 
1 4 .45 1 3 . 66  
1 1 .  70 1 1 . 1 0  
9 .97 9.66 
1 0 . 24 1 1 . 23 
8 . 55 8 . 22 
1 1 . 84 1 1 . 58* 
based on LSMEANS .  
based on LSMEANS . 
based on LSMEANS . 
d 
1 . 08 
0 . 39 
· 1 .  79 
1 . 93 
0 . 58 
- 3 . 94** 
· 0 . 08 
0 . 52 
0 . 30 
2 .30 
1 . 43 
0 . 53 
- 0 . 58 
1 . 01 
1 . 53 
- 1 . 97 
1 .40 
- 0 . 05 
1 . 4 1  
- 0 . 36 
0 . 79 
0 .60 
0 . 3 1 
- 1 . 0 1  
0 . 33 
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Table  5 .  Means and the d i fferences between F 1  rec iproca l s  for 
t i l l er ing per plant ( TL ) .  
Cross 1983 1984 
i j  j i  d i j  j i  d 
But/Aur 4 .9 4 . 5  0 . 4  6 . 0  4 . 1  1 .  9-"' 
But/Pex 3 . 8  3 . 6  0 . 2  4 . 4  4 . 6  - 0 . 2  
But/Pelc 3 . 5  3 . 9  0 . 4  4 . 5  4 . 9  - 0 . 4  
But/Ctlc 6 . 4  6 .6  - 0 . 2  7. 1 5 .8 1 . 3* 
But/Tx7 3 .9 4 . 3  · 0 . 4  5 . 0  5 . 5  · 0 . 5  
Jam/Aur 3 .8 5 .4 - 1 .6** 4 . 4  5 .7  · 1 .3* 
Jam/Pex 4 . 0  4 . 1  - 0 . 1 5 . 2  5 .9 - 0 . 7  
Jam/Pelc 3 . 4  3 . 5  - 0 . 1  3 .8 3 .6  - 0 .3  
Jam/Ctlc 5 . 4  4 . 5  0 .9 3 . 8  4 . 2  - 0 . 4  
Jam/Tx7 5 . 3  5 .3 0 6 .2  4 .3 1 .9** 
Cno/Aur 4 . 0  4 . 5  - 0 . 5  3 .9 3 .6  0 . 3  
Cno/Pex 4 . 1  3 . 5  0 .6 3 . 2  4 . 1  - 0 . 9  
Cno/Pelc 4 . 1  3 . 9  0 . 2  3 . 1  3 .9 - 0 .8  
Cno/Ctlc 4 . 7  5 .3 · 0 . 6  4 .8  4 . 8  0 
Cno/Tx7 4 .4 3 . 8  0 .6  3 . 1  3 . 5  - 0 . 4  
EE/Aur 3 .9 4 . 0  - 0 . 1  5 . 7  6 .2  · 0 . 5  
EE/Pex 4 .4 3 . 9  0 . 5  4 . 8  5 . 5  - 0 . 7  
EE/Pelc 3 .8  3 .9  - 0 . 1 4 .3 4 . 4  - 0 . 1 
EE/Ctlc 6 . 7  5 . 8 0 .9  5 .3 5 . 1  0 . 2  
EE/Tx7 4 . 5  4 . 9  - 0 .4 4 . 0  4 . 3  - 0 .3 
Thr/Aur 4 . 5  5 .4 - 0 . 9  4 .3 3 . 7  0 . 6  
Thr/Pex 4 . 5  4 . 5  0 4 . 2  4 . 1  0 . 1 
Thr/Pelc 3 . 9  3 . 2  0 . 7  4 . 8  4 . 6  0 . 2  
Thr/Ctlc 3 .8 3 .8  0 4 . 0  4 . 1  - 0 . 1 
Thr/Tx7 3 . 7  3 . 3  0 .4  3 . 9  4 .4  -0 . 5  
mean 4 . 4  4 . 3 4 .6  4.6  
i j  = spr i ng " i "  as female and wi nter 11 j 11 as male .  
j i  = wi nter "j " as female and spri ng " i "  as ma le .  
d = d i fference i j  . j i .  
i j  
5 .3 
6 . 0  
5 . 8  
7 .3  
8 . 1  
5 . 9 
6 . 1  
4 .9  
8 .0  
5 . 6  
6 . 3  
5 . 2  
4 . 5  
5 .9 
5 . 6  
6. 0 
8 . 1  
5 . 1  
9 . 0  
7.6 
8.0 
7 .5  
5 . 9  
7. 0 
6 . 0  
6 . 5  
+ = s i gn i f i cant at 1 0  percent level based on LSMEANS .  
* = s i gn i f i cant at 5 percent leve l based on LSMEANS .  
** = si gn i f i cant a t  1 percent leve l based on LSMEANS .  
1985 
j i  d 
5 . 5  · 0 . 2  
5 .3 0 . 7  
6 . 0  · 0 . 2  
6 .8  0 . 5  
6 . 7 1 . 3* 
6 . 9  · 1 . 0 
6 . 1  0 
5 .7 · 0 . 8  
7 .8  0 . 2  
6 . 9  · 1 . 3* 
5 .8 0 . 5  
5 . 0  0 . 2  
4 . 1  0 . 3  
6 .9  · 1 . 0 
4 . 6  1 . 0 
7 . 0  - 1 . 0 
6 . 5  1 . 6** 
5 . 4  - 0 . 3  
8 . 3  0 . 7  
7 . 7  · 0 .3 
7. 1 0 . 9  
5 . 7  1 . 8** 
5 . 6  0 . 3  
7 .3  - 0 . 3  
6 . 1 - 0 . 1  
6 . 3  
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Table  6 .  Means and the  d if ferences between F 1  rec iproca l s  for 
kernel weight per spi ke CKWT ) .  
Cross 1983 1984 
i j  j i  d ; j j i  d 
But/Aur 3 . 03 2 .96 0 . 07 2 .64 2 . 1 8. 0 .46 
But/Pex 2 .93 2 .94 - 0 . 0 1  2 . 22 2 .38 - 0 . 16 
But/Pek 2 . 1 5  2 .46 - 0 .31  2 . 1 0  2. 1 4  - 0 . 04 
But/Ctlc 2 . 59 2 . 5 1  0 . 08 2 . 40 2 .26 0. 14  
But/Tx7 2 . 75  2 . 54 0 .2 1  1 .95 1 .94 0 . 01 
Jam/Aur 2 . 63 2 .91 - 0 . 28 1 .61 2 .06 - 0 .45 
Jam/Pex 3 . 03 3 . 08 - 0 . 05 2 .45 2 . 56 - 0 . 1 1  
Jam/Pelc 2 . 58 2 .3 1  0 . 27 1 .93 1 . n 0 .2 1  
Jarn/Ctlc 2 . 73  2 .67 0 . 07 1 . 59 1 .  75 - 0 . 16 
Jam/Tx7 2 .63 2 .45 0 . 1 8  2 .23 1 . 41 0 .82** 
Cno/Aur 3 . 73  3 . 75  - 0 . 02 2 . 28 1 . 47 0 .81 ** 
Cno/Pex 3 . 03 2 . 87 0 . 1 6 1 . 5 1  1 .58 - 0 .07 
Cno/Pek 2 .91 3 . 1 0  - 0 . 1 9  1 . 75 1 .95 - 0 . 20 
Cno/Ctk 3 . 02 2 . 58 0 . 44* 2 . 15  2 . 24 - 0 . 09 
Cno/Tx7 2 .73 2 .81 - 0 . 08 2 . 04 1 .62 0 . 42 
EE/Aur 3 . 05 ;3 . 27 - 0 . 22 2 .81 2 .3 1  0 . 50 
EE/Pex 3 . 07 3 . 07 0 2 . 29 2 .49 - 0 . 20 
EE/Pek 2 . 73  2 .4 1  0 .32 2 . 26 2 .22 0 . 04 
EE/Ctlc 2 . 69 2 . 69 0 2 .38 2 .48 - 0 . 1 0  
EE/Tx7 2 .83 2 .95 - 0 . 1 2  2 .62 1 .90 o .n•• 
Thr/Aur 2 . 87 3 . 39 - 0 . 52** · 1 . 83 1 . 50 0 . 33 
Thr/Pex 2 .91 2 . 79  0 . 1 2  2 . 19 2 .41 - 0 . 22 
Thr/Pelc 2 . 59 2 .76 - 0 . 1 7  1 .76 2 . 02 - 0 . 26 
Thr/Ctk 2 .85 2 .47 0 .38 1 . 21  1 .47 - 0 . 26 
Thr/Tx7 2 . 52 2 .3 1  0 . 21 1 . 5 1  1 .48 0 . 03 
mean 2 . 82 2 .81 2 . 05 1 .97 
i j  = spri ng " i "  as fema le and winter 11 j 11 as ma le.  




= winter 11 j 11 as female and spr i ng " i "  as ma le.  
= di fference i j - j i .  
= s i gni f i cant at 1 0  percent leve l based on LSMEANS.  
= s i gni f i cant at  5 percent leve l based on LSMEANS .  
..., = s i gni f i cant at 1 percent leve l based on LSMEANS • 
1985 
i j  j i 
1 . 99 2 .33 
1 .90 1 . 79 
1 . 59 1 .91 
1 .96 1 .89 
1 .80 1 .  75 
2 .32 2 . 27 
2 . 23 2 . 1 0  
1 . 88 1 . 70 
2 . 1 1  2 . 1 7  
1 .90 1 .  70 
2 .76 2 . 50 
2 . 1 2  2 . 09 
1 .95 2 . 1 7  
2 . 24 2 . 06 
2 . 25 1 . 95 
2 . 26 2 .71 
2 .35 2 . 13 
1 .93 1 .91 
2 . 1 0  2 . 04 
1 . 75 2 . 00 
2 .78 2 . 46 
1 .91 1 . 96 
1 .92 2 . 02 
2 . 03 2 . 26 
1 . 79 1 .81 
2 . 08 2 . 08 
4 4  
d 
- 0 . 34 
0 . 1 1  
- 0 . 32 
0 . 07 
0 . 05 
0 . 05 
0 . 1 3  
0 . 18 
- 0 . 06 
0 . 20 
0 . 16 
0 . 03 
- 0 . 22 
0 . 1 8  
0 . 30 
- 0 . 45* 
0 . 22 
0 . 02 
0 . 06 
- 0 . 25 
0 .32 
- 0 . 05 
- 0 . 1 0  
- 0 . 23 
- 0 . 02 
4 5  
most attributed to the highly significant differences in 
reciprocals in 1984 (Table 6) . For GMPL (Table 4) in the 
over years analysis, the cross JAM/AUR was significantly 
different from its reciprocal. When JAM was used as the 
female, yield was 3. 94 grams per plant less than when Aur 
was the female. This trend was consistant over years, 
although it was not signficant in 1985 ( Table 7) . The 
difference is this reciprocal pair appeared then to be most 
influenced by TL (Table 4) . Two crosses, JAM/TX7 and 
CNO/AUR has significantly higher KER over years when the 
spring types were used as the females (Table 8) . The 
difference in the CNO/AUR cross was most stable in 
exhibiting this each year (Table 9) . One hundred kernel 
weight (Kl00W) , a character that is associated with KWT and 
KER, showed reciprocal differences in three crosses, 
THR/CTK, BUT/PEK and CNO/TX7 in the over year analysis 
(Table 8) . When BUT, THR and TX7 were used as the female 
parent, Kl00W was less than when PEK, CTK and CNO were used 
as the female parent respectively. Individual year 
analysis for Kl00W is found in Table 10. Two crosses had 
reciprocal differences that were near the 10 percent level 
of signficance for SPIK (Table 8) . Individual year 
analysis is found in Table 11. 
The cross BUT/CTK was significantly different from 
its reciprocal for LLN over years in Table 12 at the 10 
Table  7. Means and the di fferences between F1 reci proca l s  for 
kerne l weight  per plant (GMPL ) .  
Cross 1983 1984 
i j  j i  d ; j j i  d 
But/Aur 1 5 . 16 13 . 1 4 2 .02 1 5 .79 9.00 6 .797'* 
But/Pex 1 1 . 13 1 0 .75 0 .38 9.92 1 1 .24 - 1 .32 
But/Pek 7.66 9.61 · 1 . 95 9 .71 1 0 .45 - 0 . 74 
But/Ctk 16 .71 16 .93 - 0 . 22 16.98 13 . 1 5  3 . 83* 
But/Tx7 1 0 . 87 1 1 . 1 5  - 0 . 28 9.94 1 0 .84 - 0 . 90 
Jam/Aur 9.95 1s . n  - 5 . 77** 7.36 1 2 .09 - 4 .73* 
Jam/Pex 1 2 . 00 1 2 . 57 - 0 . 57 1 2 .79 1 5 . 01 - 2 . 22 
Jam/Pek 8 . 80  8 . 05 0 . 75  7. 1 8  6 . 22 0 .96 
Jam/Ctk 14 .94 1 2 . 33 2.61  6 . 07 7.80 - 0 .73 
Jam/Tx7 1 3 . 90 1 2 .78 1 . 1 2  13 .93 6 . 1 6  7. 77** 
Cno/Aur 14 .97 17 .23 - 2 . 26 9. 1 0  5 . 52 3 . 58* 
Cno/Pex 1 2 . 24 1 0 .01  2 . 23 4.86 6.48 · 1 .62 
Cno/Pek 1 1 . 80 1 1 .90 -0 . 1 0  5 . 36 · 7.66 -2 .30 
Cno/Ctk 14 .33 14 .30 0 .03 1 0 .75 1 1 .39 - 0 .64 
Cno/Tx7 1 2 . 1 2  1 0 .78 1 .34 6 . 1 5  6 . 23 - 0 . 08 
EE/Aur 1 2 . 04 1 3 . 75  - 1 .  71 16 .43 14 .91 1 . 52 
EE/Pex 1 3 .44 1 1 .97 1 .47 1 1 . 16 13 .46 - 2 .30 
EE/Pek 1 0 .39 9 .55 0.84 9.79 9.78 0 . 01 
EE/Ctk 18 . 18 1 5 .94 2 . 24 1 2 . 46 1 2 .80 - 0 .34 
EE/Tx7 1 2 .69 14 . 17 · 1 . 48 1 0 . 50 8 .37 2 . 13 
Thr/Aur 1 3 . 08 18 .24 - 5  . 16* 7. 58 5 .69 1 .89 
Thr/Pex 13 . 19 1 2 . 89 0 .30 9.61 9.95 - 0 . 34 
Thr/Pek 1 0 . 17  8 . 83 1 . 34 8 .46 9. 1 5  - 0 . 69 
Thr/Ctk 1 1 . 1 1  9 . 1 0  2 . 01 5 . 23 6.50 - 1 . 27 
Thr/Tx7 9.40 7. 57 1 .83 5 .97 6 .69 - 0 . 72 
mean 1 2 .4 1  1 2 . 30 9 .72 9.42 
i j  = spdng 11 i 11 as fema l e  and winter II j '• as ma le .  




= w inter 11 j 11 as femal e  and spr ing 11 i 11 as ma le.  
= di fference i j  • j i .  
= s i gn i f i cant at 1 0  percent leve l based on LSMEANS .  
= s i gni f i cant a t  5 percent l evel based on LSMEANS . 
** = s i gni f i cant at 1 percent level based on LSMEANS .  
1 985 
i j  j i  
1 0 . 70 1 3 .88 
1 2 .0 1  9 .73 
9 .03 1 1 .3 1  
1 4 . 53 1 2 . 82 
14 .37 1 1 . 57 
14 . 42 1 5 .67 
13 .65 1 2 . 70 
9 . 22 9 .65 
17. 06 1 7. 1 2  
1 0 . 93 1 2 . 01 
1 7. 71 1 4 . 25 
1 1 . 02 1 0 . 55 
8 . 54 9 . 23 
13 . 48 14 . 83 
1 2 . 57 9 . 28 
13 .68 19 . 24 
18 .70 1 3 .35 
9 . 5 1  1 0 . 23 
1 8 .79 16 .6 1  
13 . 17 1 5 . 43 
21 .61  1 7 . 36 
1 4 . 70 1 1 . 28 
1 1 . 57 1 1 . 23 
1 4 . 5 1  1 6 . 58 
1 1 .00 1 0 .89 
1 3 . 60 1 3 . 07 
46 
d 
- 3 . 1 0  
2 . 28 
- 2 . 28 
1 .  71 
2 . 80 
- 1 . 25 
0 . 95 
- 0 . 43 
- 0 . 06 
- 1 .08 
3 . 46 
0 .47 
- 0 .69 
- 1 .35 
3 . 29 
- 5 . 56** 
5 .35* 
- 0 . 72 
2 . 1 8  
- 2 . 26 
4 . 25* 
3 .42 
0 . 34 
- 2 . 07 
0 . 1 1  
Tab le  8 .  Average of  the  F 1  hybrids and rec iproca l  di ferences observed 
for KER, K100W, and SP I K  over 1983 , 1984 and 1985 . 
Cross KER K100W 
i j  j i  d i j  j i  d 
But/Aur 49.7  50 . 1  - 0 .4 5 . 1 2 5 . 06 0 . 06 
But/Pex 48.6 47.8 0 .8 4 .78 4 .90 - 0 . 12 
But/Pek 41 . 9  43 . 5  - 1 .6 4 . 66  4 .99 - 0 . 33* 
But/Ctk 5 1 . 1  50 �7 0 .4  4 .48 4 .36 0 . 1 2 
But/Tx7 47. 8  46.3  1 . 5 4 .53 4 .47 0 . 06 
Jam/Aur 47.4 49 .6 - 2 . 2  4 . 68  4 .85 - 0 . 17 
J am/Pex 54 . 1  53 . 3  0 .8 4 .81 4 . n  0 . 04 
Jam/Pelc 41 . 1  38 . 5  2 .6  5 . 1 5  4 .92 0 . 23 
Jam/Ctk 48 .9  5 1 . 5  - 2 .6 4 .44 4 .31 0 . 13 
Jam/Tx7 50 . 0  44 .3  5 . 7*  4 . 5 1  4 .31 0 . 20 
Cno/Aur 55 . 1  46 .3  8 .8** 5 .31 5 . 51 - 0 . 20 
Cno/Pex 47. 7  47. 2  0 . 5  4 .64 4 . 5 1  0 . 13 
Cno/Pek 43 . 5  47. 1 -3 .6  5 . 00 5 . 04 - 0 . 04 
Cno/Ctk 5 1 .6  49. 3  2 .3  4 .78 4 .64 0 . 14 
Cno/Tx7 48 .9  49.9  - 1 . 0 4 . 54 4 .20 0 . 34* 
EE/Aur 46. 5  48 . 1  - 1 . 6 5 .89 5 .90 - 0 . 01 
EE/Pex 54 . 1  54 .2  - 0 . 1  4 .76 4 .68 0 . 08 
EE/Pek . 41 . 0  41 . 2  0 .4  5 . 55 5 . 30 0 .25 
EE/Ctk 50 . 5  49. 5  1 . 0 4 .n 4 .84 - 0 . 1 2  
EE/Tx7 52 . 4  53 . 1  - 0 . 7  4.49 4.20 0 . 29+ 
Thr/Aur 45 . 0  42 . 4  2 . 6  5 .65 5 .69 - 0 . 04 
Thr/Pex 44 . 0  45 . 5  - 1 . 5 5 . 08 5 . 19 - 0 . 08 
Thr/Pek 38 . 0  39. 7  - 1 .  7 5 .45 5 .61 - 0 . 1 6  
Thr/Ctk 44 .6  44 .6  0 4 .40 4 .74 - 0 .34* 
Thr/Tx7 41 . 5  39 . 9  1 . 6  4 .64 4 .66 - 0 . 02 
mean 47.4 47. 0  4 . 88  4 .87 
i j  = spr i ng " i "  as fema l e  and winter 11j 11 as ma l e. 




= winter 11 j 11 as female and spring 11 i 11 as ma l e. 
= di fference i j  • j i .  
= s i gni f i cant at 1 0  percent level based on LSMEANS . 
= s i gni f i cant at 5 percent l eve l based on LSMEANS . 
** = s i gni f i cant at 1 percent leve l based on LSMEANS . 
i j  
17 . 5  
1 5 . 2  
1 4 . 4  
1 6 . 2  
1 5 . 0  
17. 2  
1 5 . 9  
1 4 . 0  
15 . 1  
1 5 . 8  
16 . 5  
1 4 . 2  
1 5 . 1  
1 5 . 5  
1 4 . 8  
1 7 . 5  
17 .4  
1 5 . 0  
1 7 . 2  
1 6 . 5  
1 7 . 5  
1 5 . 6  
1 4 . 5  
1 5 . 9 
1 4 . 5  
1 5 .8 
SP I K  
j i  
17 .3  
15  . 1  
1 4 . 7  
1 6 . 2  
1 4 . 9  
1 7. 6  
16 .6  
13 .7  
1 5 . 4 
1 4 . 9  
16 . 2  
1 4 . 4  
1 4 .6  
1 5 . 0  
1 4 . 8  
1 7 . 6  
16 . 5  
15 . 1  
17 .4  
16 . 5  
1 7 . 2  
1 5 . 5  
1 4 . 8  
1 5 .6 
1 4 . 3  
1 5 . 7  
4 7  
d 
0 . 2  
0 . 1  
- 0 . 3  
0 
0 . 1  
- 0 . 4  
- 0 . 7  
0 . 3  
- 0 .3 
0 .9+ 
0 .3  
· 0 . 2  
0 . 5  
0 . 5  
0 
- 0 . 1  
0 .9+ 
- 0 . 1 
- 0 . 2  
0 
0 . 3 
0 . 1  
- 0 . 3 
0 .3 
0 . 2  
Table 9 .  Means and the  di fferences between F 1  rec i proca ls  for 
kernel s  per spi ke ( KER ) .  
Cross 1 983 1984 
i j  j i  d i j  j i  d 
But/Aur 57.67 58 . 13 - 0 . 46 49. 27 46. 38 2 .89 
But/Pex 57. 20 56 .36 0 .84 44.47 44 . 75  - 0 . 28 
But/Pek 44 .92 48 . 00 - 3 . 08 44 . 27 41 .86 2 .4 1  
But/Ctk 56 .40 57.27 · 0 . 87 52 .02 48 . 18 3.84 
But/Tx7 57 . 13 53 . 87 3 . 26 42 .36 41 . 80 0 .56 
Jam/Aur 54 .33 57 .33 - 3 . 00 37. 56 44 .60 -7 .04 
Jam/Pex 60 . 14 61 . 47 - 1 .33 48.66 5 1 . 1 1  - 2 . 45 
Jam/Pek 50 .83 46 . 53 4 .30 34 .92 34 . n  0 . 20 
Jam/Ctk 58. 40 58 . 00 0 .40 35 .67 4 1 .94 -6 .27 
Jam/Tx7 55 . 27 54 .07 1 . 20 50 . 22 32 .61 17.61** 
Cno/Aur 70 . 33 68.07 2 . 26 41 .63 29 . 00 12 .63** 
Cno/Pex 57.60 55 .87 1 .  73 33 .83 37. 53 - 3 .70 
Cno/Pek 53 .87 58 . 80 - 4 .93 41 . 1 4 ' 40 .44 0 .70 
Cno/Ctk 59 . 13 50 .98 8 . 1 5* 44 .83 45 . 58 - 0 . 75  
Cno/Tx7 55 .80 56. 87 - 1 . 07 41 . 48 44 . 75  -3 . 27 
EE/Aur 56 . 27 57. 73 - 1 .46 41 .64 39.47 2 . 17  
EE/Pex 56 .93 60 . 53 - 3 .60 50 .86 54 . 22 - 3 . 36 
EE/Pelc 48 . 1 3 45 .33 2 .80 40 .92 41 .96 - 1 . 04 
EE/Ctk 52 . 73  52 .33 0 .40 50 .75 49 .64 1 . 1 1  
EE/Tx7 58.80 63 . 27 -4 .47 54. 38 46 . 1 7 8 . 27 
Thr/Aur 5 1 . 13 57.33 -6 .20 32 . 25 27.67 4 . 58 
Thr/Pex 52 . 13 48.73 3 .40 41 . 13 45 .92 - 4 .79 
Thr/Pek 44 .97 49.27 -4 .30 32 . 61 34 . n  ·2 . 1 1  
Thr/Ctk 54 . 53 44 .85 9 . 68* 32 .94 32 . 1 7  0 .77 
Thr/Tx7 48. 27 44 . 57 3 . 70 33 .97 32 .08 1 . 89 
mean 54 .92 54 .98 42. 05 40 .98 





= w inter 11 j 11 as fema le  and spr i ng " i "  as ma l e.  
= di fference i j  · j i .  
= s i gni f i cant at 10 percent level based on LSMEANS . 
= s i gni f i cant at 5 percent leve l based on LSMEANS .  
** = s i gni f i cant at 1 percent leve l based on LSMEANS.  
1985 
i j  j i  
41 .67 45 .73 
44 .87 42 .70 
35 .80 40 . 20 
46. 27 46.93 
43 . 53 43 . 13 
49 . 27 47. 00 
50 .96 48 .60 
38 . 05 34. 87 
50 .82 52 . 73  
44 .27 43 . 60 
53 . 47 41 . 93 
5 1 . 27 49 . 07 
36. 43 42 . 62 
50 .40 50 . 82 
5 1 .35 47. 00 
40 . 27 45 . 40 
53 . 60 47.93 
35 .35 36 . 1 5  
48 . 07 46 . 47 
44 . 07 50 .47 
49 . 68  42 . 45 
42 . 13 42 .47 
37. 00 37. 80 
46.30 50 . 00 
42. 13  42 . 80 
45 . 24 44 . 97 
4 8  
d 
- 4 . 06 
2 . 1 7  
- 4 .40 
- 0 . 66  
0 . 40 
2 . 27 
2 .36 
3 . 1 8  
- 1 .91 
0 .67 
1 1 . 57** 
2 . 20 
- 6 . 19 
- 0 . 42 
4 . 35 
- 5 . 1 3 
5 . 67 




- 0 . 34 
- 0 . 34 
- 3 . 70 
- 0 . 67 
Table 1 0 .  Means and the di fferences between F 1  rec i proca l s  for 
1 00 kernel weight CK100�> -
Cross 1983 1984 
i j  j i  d i j  j i  d 
But/Aur 5 . 26 5 .09 0 . 1 7  5 .37 4 .n 0 . 65 
But/Pex 5 . 1 2 5 . 22 - 0 . 1 0  4 . 99  5 . 28 - 0 . 29 
But/Pelc 4 . 79 5 . 13 · 0 . 34* 4 . 76 5 . 1 1  - 0 .35 
But/Ctlc 4 . 60 4 .38 0 . 22 4 .61 4 .67 - 0 .06 
But/Tx7 4 .81 4 . n  0 . 09  4 . 65 4 .65 0 
Jam/Aur 4 . 83  5 . 06  · 0 . 23 4 . 04  4 .40 - 0.36 
Jam/Pex 5 . 03 5 . 0 1  0 . 02 5 . 0 1  5 . 01 0 
Jam/Pelc 5 . 07 4 . 96 0 . 1 1  5 .60 4 .92 - 0 . 68* 
Jam/Ctlc 4 .66 4 .61 0 . 05 4 .47 4 . 13 0 . 34 
Jam/Tx7 4 . 75  4 . 54 0 . 2 1  4 . 42 4 . 08 0 . 36 
Cno/Aur 5 . 29 5 . 49 - 0 . 20 5 . 47 5 . 06  0 .41 
Cno/Pex 5 . 28 5 . 13 0 . 1 5  4 . 55 4 .26 0 . 29 
Cno/Pelc 5 .39 5 . 26 0 . 1 3  4 . 31 4 .84 · 0 . 53 
Cno/Ctlc 5 . 1 2  5 . 13 - 0 . 01 4 . 73  4 . 83 - 0 . 1 0  
Cno/Tx7 4 .87 4 . 95  · 0 . 08 4 .94 3 . 53 1 .41** 
EE/Aur 5 . 48 5 . 60 - 0 . 1 2  6 . 73  5 . 79  0 . 09 
EE/Pex 5 .38 5 . 07 0 . 31 4 .47 4 . 59 - o .  1 2  
EE/Pelc 5 . 67 5 .32 0 . 35* 5 . 53 5 .31 0 . 22 
EE/Ctlc 5 . 1 0 5 . 1 4 - 0 . 04 4 . 69 5 . 00 - 0 .31  
EE/Tx7 4 . 82 4 .66 0 . 16 4 . 83 4 . 1 0  0 . 73  
Thr/Aur 5 . 65 5 .91 · 0 . 26 5 .62 5 .38 0 . 24 
Thr/Pex 5 . 59 5 .  71 - 0 . 1 2  5 . 24 5 . 23 0 . 0 1 
Thr/Pelc 5 .  74 5 . 60 0 . 14  5 .42 5 .82 - 0 . 42 
Thr/Ctlc 5 . 24 5 . 49 - 0 . 25 3 . 65 4 . 33 · 0 . 68  
Thr/Tx7 5 . 22 5 . 1 7 0 . 05 4 . 45 4 .63 - 0 . 1 8 
mean 5 . 1 5 5 . 1 2 4 . 89 4 .81 
i j  • spr i ng " i "  as fema l e  and w inter 11 j 11 as ma le .  




• wi nter 11 j 11 as female and spr ing 11 i 11 as male .  
• di f ference i j  - j i . 
• s i gn i f i cant at 1 0  percent l evel based on LSMEANS .  
• s i gn i f i cant at 5 percent l evel based on LSMEAHS . 
** • si gn i f i cant at 1 percent l evel based on LS EANS . 
1985 
i j  j i  
4 .76 5 . 00 
4 . 22 4 . 20 
4 .42 4 . 73  
4 . 24 4 . 03 
4 . 1 3 4 . 08 
4 . 67 4 . 84  
4 . 36 4 .3 1  
4.93 4 . 88  
4 . 1 2  4 . 1 2  
4 . 27 3 . 81 
5 . 22 5 .97 
4 . 1 3 4 . 29 
5 . 33 5 . 10 
4 . 49 4 . 01 
4 .40 4 . 1 5 
5 . 60 5 .95 
4 .35 4 . 42 
5 . 45 5 . 29 
4 . 37 4 . 38 
3 . 96 3 .96 
5 . 57 5 . 76 
4 . 53 4 . 61 
5 . 20 5 . 34 
4 . 33 4 . 52 
4 . 22 4 .2 1  
4 . 61 4 .66 
4 9  
d 
- 0 . 24 
0 . 02 
- 0 .31  
0 . 21 
0 . 05 
- 0 . 1 7  
0 . 05 
0 . 05 
0 
0 . 46* 
- 0 . 75** 
- 0 . 16  
0 . 23 
0 . 48* 
0 . 25 
- 0 .35 
- 0 . 07 
0 . 16  
- 0 . 01 
0 
- 0 . 19 
- 0 . 08 
- 0 . 14 
- 0 . 19 
0 . 0 1 
Table  1 1 .  Means and the di fferences between F i  rec i proca l s  for 
spi kel ets per head (SP (K ) . 
Cross 1 983 1984 
i j  j i  d i j  J 1 d 
But/Aur 20 . 1  19 .7  0 . 4  1 6 . 6  16 .0  0 .6  
But/Pex 17 .9  18 . 1 - 0 . 2  1 3 . 8  1 3 . 8  0 
But/Pelc 1 6 . 2  1 6 . 8  - 0 .6  13 .5  13 .5  0 
But/Ctk 1 8 . 3  1 8 . 5  - 0 . 2  1 5 . 0  15 . 0  0 
But/Tx7 18 .3  1 8 . 2  o .  1 1 2 . 6  1 2 .7  - 0 . 1  
Jam/Aur 1 8 .3 20 . 1 - 1 .8** 17 .0  1 6 . 1  - 0 .9 
Jam/Pex 18 .9  19 .3  0 .6  1 3 . 7  1 5 .5 · 1 .8 
Jam/Pek 1 7.0  16 .4  0 .6 1 1 . 5 1 1 .9 - 0 . 4  
Jam/Ctlc 18 .3  17 .9  0 .4 1 2 . 0  1 2 .6  - 0 .6  
Jam/Tx7 18 . 4  1 8 . 3  0 . 1  14 .4  1 1 . 8 2 . 6** 
Cno/Aur 20 . 2  20 . 1  0 . 1  1 4 .4 1 3 . 7  0 . 7  
Cno/Pex 1 7.3 17 . 2  0 .  1 1 0 .9 1 1 .8 - 0 . 9  
Cno/Pek 1 8 . 0  1 7 .6  0 .4  1 3 .8  1 3 . 2  0 .6 
Cno/Ctk 17. 1 1 7. 1  0 14 .3  13 .7  0 .6 
Cno/Tx7 17·. 1 17 .4  - 0 .3 14 .0 i3 .8  0 .2  
EE/Aur 19 .4  19 .2  0 .2  18 . 1  16 .6  1 . 5 
EE/Pex 19 .9 19 .9 0 1 5 . 7 1 5 . 3  0 . 4  
EE/Pek 17. 1  17 .0  0 . 1  14 . 1 1 4 .7  - 0 . 6  
EE/Ctlc 1 8.9 19. 1 - 0 . 2  1 6 . 2  16 .6  - 0 . 4  
EE/Tx7 19. 1 19 .4  - 0 . 3  1 5 . 6 13 .9  1 . 7 
Thr/Aur 20 . 1  20 . 3  - 0 . 2  14 .7  1 5 . 1 - 0 . 4  
Thr/Pex 1 8 . 3  1 7 .9  0 . 4  1 4 .7  14 .9  - 0 . 2  
Thr/Pek 17 .3  1 7 .4  - 0 . 1  1 2 .9 13 . 0  - 0 . 1 
Thr/Ctlc 17 . 7 17 .2  0 .5  14 .4 13 .3  1 . 1 
Thr/Tx7 1 6 . 8  16 .7  o .  1 1 2 .6 1 2 . 1 0 . 5  
mean 18.2  18.3  14 .2  1 4 . 0  





= wi nter 11 j 11 as fema le and spr i ng " i "  as male .  
= di fference i j  . j i .  
= s i gni f i cant at 1 0  percent leve l based on LSMEANS .  
• s i gni f i cant at  5 percent level based on LSMEANS .  
** • s i gni f i cant a t  1 percent leve l based on LSMEANS . 
i985 
i j  j i 
1 5 . 7  1 5 .6 
1 3 . 9  1 3 . 4  
1 3 .4  1 3 . 7  
1 5  . 1  1 5 . 0  
1 4 . 0  1 3 . 8  
16 .5  1 6 . 7  
1 4 . 5  1 4 .9 
1 3 . 5  1 2 . 7  
1 4 . 8  1 5 . 4 
1 4 . 1 1 4 . 1  
1 4 .9 1 5 . 2  
1 4 . 3  1 4 . 1  
1 3 .  1 1 2 .8 
1 5 . 1  1 4 . 4  
14 .4  13 .4  
1 5  . 1  1 6 .7  
16 . 5  1 4 . 4  
1 4 . 0  1 3 . 5  
1 6 . 5  16 .6  
1 5 . 0  16 . 1 
16 .9  1 6 . 2  
14 . 1  1 3 . 7  
1 3 . 5  1 4 . 8  
1 5 . 4 1 5 . 4  
1 4 . 1  1 4 . 3  
1 4 . 8  1 4 . 7  
50  
d 
0 . 1  
0 . 5 
- 0 . 3  
0 . 1  
0 . 2  
- 0 . 2  
- 0 .4 
0 . 8  
- 0 . 6  
0 
- 0 . 3  
0 . 2  
0 . 3  
0 . 7  
1 . 0 
- 1 . 6** 
2 . 1 ** 
, . s 
- 0 . 1 
- 1 . 1  
0 . 7  
0 . 4  
- 1 . 3* 
0 
- 0 . 2  
5 1  
percent level . Butte (BUT) as a female reduced LLN 
consistently in all years although it was only significant 
in 1983 (Table 13) . The crosses, BUT/TX7, CNO/CTK and 
THR/TX7 exhibited reciprocal differences for LWD in the 
over year analysis. This was not consistent between years 
(Table 14) . Plant height, (HGT) was also influenced by the 
direction of the cross for the hybrid CNO/AUR (Table 12) . 
Ciano (CNO) as the female increased height consistently in 
each year and significantly in the over year analysis 
(Table 15) . In Table 16, PD had significant reciprocal 
differences for five crosses over years . All but one of 
these relationships was consistent in direction in 
individual years (Table 17) . No relationship was found 
between the choice of the female parental type and this 
trait . Heading (HD) and ANT were also associated with 
significant reciprocals over years {Table 16) . In the cross 
JAM/TX? with JAM as the female , HD was significantly 
reduced over years and in years 19 83 and 19 84 { Table 18). 
In examining ANT a trait closely related to HD (Tables 16 
and 19) , this cross did not show significant differences in 
any years though the trend was consistent . In Table 16, 
the cross EE/AUR and THR/PEK and their reciprocals 
performed similiarily over and within years { Table 18 and 
19) with the result that when the spring type was used as 
the female, HD and ANT were delayed although ANT was not 
Tab le  1 2 .  Average o f  the F 1  hybrids and rec iprocal di fferences observed 
for LLN , LWD , and HGT over 1983 , 1984 and 1985 . 
Cross LLN LW 
i j  j i  d i j  j i  d 
But/Aur 336 .4  345 . 5  ·8 . 1 19 .4  19 . 1 0 . 3  
But/Pex 328.4  327.7 0 . 7  1 8 . 5  18 .0  0 . 5  
But/Pek 291 .9  288. 6  3 . 3  16 .3  1 7. 1  · 0 . 8  
But/Ctk 295 . 4  31 2 . 8  • 17 .4+ 17 .3  1 7. 4  - 0 . 1  
But/Tx7 292 .0  280 .7  1 1 .3 17.9 17. 0  0 . 9+ 
Jam/Aur 350 .9  343 . 2  7. 7 19 .7  19 .7  0 
Jam/Pex 346 . 1  353 . 1  -7 .0  20 . 1  20 . 0  0 . 1  
Jam/Pelc 286. 7  288.8 · 2 . 1 1 7. 5  16 .8 0 . 7  
Jam/Ctlc 301 .6  290 .3 1 1 .3 17. 1  17. 0 0 . 1  
Jam/Tx7 287. 0 288.8  · 1  . 8  1 8 . 5  1 8 . 5  0 
Cno/Aur 374 . 2  3n. o  2 . 2  20 .4  20 . 1  0 .3  
Cno/Pex 342 . 2  342. 9  · 0 . 7  1 8 . 6  19 .3  -0 .7  
Cno/Pek 289 . 0  290.9  - 1 .9 17. 8  1 8 . 0  - 0 . 2  
Cno/Ctlc 3 1 1 . 4  297. 1 1 4 . 3  18 . 0  1 6 .8 1 . 2* 
Cno/Tx7 286. 1  286. 0  0 . 1  17.9 17.9 0 
EE/Aur 360 .9  370 .6 - 9 . 5  20 . 2  20 .7  - 0 . 5  
EE/Pex 353 . 5  35 1 . 0  1 . 5 19 .4  19 .4  0 
EE/Pelc 305 . 3  300 .8  4 . 5  17.4 17.2  0 .2  
EE/Ctlc 3 17 .2  3 10 .0  7 .2  17 .5  17 .3  0 .2  
EE/Tx7 3 13 .6  3 16 .6  · 3 . 0  19 .5  19 .3  0 . 2  
Thr/Aur 346. 2  354 . 2  · 8 . 0  1 9 . 5  20 . 0  · 0 . 5  
Thr/Pex 324 .9  331 . 5  · 6 . 6  18 .  1 18 .9  ·0 .8  
Thr/Pelc 288.7  280 .7  8 .0  17. 5  17 .6  - 0 . 1  
Thr/Ctlc 283 . 1  297.9  · 14 .8 16 .5  17 .3 - 0 . 8  
Thr/Tx7 267.3  261 .6  5 . 7 17.4 16.5 0 .9+ 
mean 315 . 2  3 1 5 . 3  18 .3 18 .3  
i j  = spr ing 11 i 11 as fema le  and wi nter 11 j 11 as male .  




= wi nter 11 j 11 as fema le  and spr i ng 11 1 11 as male .  
= d i fference i j  · j i .  
= s i gni f i cant at 1 0  percent level based on LSMEANS .  
= s i gni f i cant a t  5 percent level based on LSMEANS . 
** • s i gni f i cant at 1 percent level based on LSMEANS .  
i j  
1 02 .7  
95 . 3  
90.8  
1 06 . 0  
94 .2  
1 01 .6 
95 .4 
89.9  
104 . 7  
88.7  
1 01 . 5  
86 . 0  
87.4  
100 . 0  
82 .7  
1 04 . 7  
101 . 1  
96.6 
1 14 . 2  
1 03 . 2  
98 . 3  
86. 1 
85 .4  
95 .4  
82 .6  
95 .7  
HGT 
j i  d 
1 00 . 6  2 . 1  
95 . 0  0 . 3  
90 .7  0 . 1  
1 05 . 8  0 . 2  
93 .6  0 .6 
99 .9 1 .7 
95 . 5  · 1 . 1 
89. 2  0 . 6  
1 04 . 4  0 . 3  
91 . 3  - 2 . 6  
97. 1  4 . 4** 
84 . 8  1 . 2 
87 .6 · 0 . 2  
97 .4  2 . 6  
83 . 2  · 0 . 5  
1 06 . 1  - 1 . 4 
98 .3  2 . 8+ 
93 , 6  3 . 0+ 
1 1 2 . 3  1 .9 
1 02 . 2  1 . 0 
97.9 0 .4 
85 . 9  0 . 2  
86.9  - 1 . 5 
97. 1 - 1 .  7 
83 .4  - 0 .8  
95 . 2  
52 
b 
Table  1 3 .  Means a nd  the di fferences between F1  rec i proca l s  for 





























i j  j i  d 
331 . 1  333 .8 · 2 . 7  
319 .7  333 .4  - 13 . 7  
1984 
i j j i d 
354 .4 348 .8  5 .6  
328.3 323 . 7  4 .6  
291 . 1  295 .6 - 4 . 5  290 . 7  281 . 0  9 .7  
287.6 323 .3  -35 . �* 291 . 5  299. 7  -8 .2  
303 . 0  288. 7  14 .3  281 .8  275 . 0  6.8 
357.0 335 . 7  2 1 .3 341 . 7  327.3 1 4 . 4  
3 10 .6  339 . 0  - 28 .4* 361 .6  336 . 5  25 . 1  
287 .7  308 .7  -2 1 . 0  280 .9  267. 1 13 .8  
309. 1  269 .9 39 . 2** 269 . 5  266.6  2 .9  
275 . 7  279.2  - 3 . 5  289 .3 275 . 5  13 .8  
375 . 0  364 .0 1 1 . 0 
363 .3  343 .6 19 .7  
296.6  302 .2 - 5 . 6  
31 0 . 8  278.3 32 . 5* 
294 . 2  289. 1 5 . 1  
35 1 . 0 380 .0  - 29 . 9* 
309 . 5  325 .3 - 1 5 . 8  
3 14 . 9  307.9 7.0 
301 . 0  299.3 1 .7 
302 .3  3 12 .7  - 1 0 .4  
326 .0  349.0  - 23 . 0 
3 1 5 . 8  339.7  - 23 .9 
302 .3  276.7 25 .6* 
276. 1 292 . 2  - 16 . 1 
285 . 2  265 . 1  20 . 1  
3 1 2 . 1  3 13 . 0  
332 . 5  357.9  - 25 . 4* 
326.0  332 . 5  -6 . 5 
276 . 5  288.3  - 1 1 .8 
300 .3 302 . 5  - 2 . 2  
264 .4 277.3  - 1 2 .9  
361 . 7  359 .8  1 . 9 
343 . 1  354 .6  - 1 1 . 5 
309 .4  301 . 7  7. 7 
345 . 0  338 . 7  6 .3  
319.0 31 1 . 3 7. 7 
349 .8 327.3  22 . 5  
304 .9 320 . 8  - 1 5 .9 
267.7 274 . 8  -7 . 1 
275 .3 288. 7  - 13 . 4  
257.3 259. 0  - 1 . 7 
309 .0  308 . 2  
i j  = spr i ng 11 1 11 a s  fema le and wi nter " j "  as ma le .  
j i  = winter 11 j 11 as female and spr i ng 11 i 11 as ma le .  
d = d i fference i j  - j i .  
+ = s i gn i f i cant at 1 0  percent level based on LSMEANS .  
* = s i gni f i cant a t  5 percent leve l based on LSMEANS .  
** = s i gn i f i cant a t  1 percent leve l based on LSMEANS .  
1 985 
i j J 1  d 
323 . 7  33 1 . 0  -7.3  
337 .3  326 . 0  1 1 . 3 
294 . 0  289 . 3  4 . 7  
303 . 2  31 5 . 3  - 1 2 . 1  
291 . 3  279 . 5  1 1 . 8 
347. 7  366 . 7  - 19 . 0  
358 . 1  383 . 3  -25 .2 
289. 5  289 . 0  0 . 5  
324. 0  3 19 . 3  4 . 7  
299. 4  306 . 7  -7 .3  
41 2 . 0  394 . 0  1 8 . 0  
339 . 0  352 .3  - 1 3 . 3  
268 . 5  268. 7  - 0 . 2  
322 . 0  3 1 5 . 8 6 . 2  
298 . 7  293 . 7  5 . 0  
370 . 0  369. 3  0 . 7  
406 . 0  374 . 3  31 . 7** 
294 . 3  291 . 4  2 . 9  
307 . 5  294 . 3  13 . 2  
320 . 0  326 . 0  - 6 . 0  
365 . 0  386 . 1  - 2 1 . 1  
352 . 8  337. 3  1 5 . 5  
298 . 7  295 .8  - 2 . 9  
297. 3  307.3  - 1 0 . 0  
261 . 8  262 . 3  - 0 . 5  
324 . 5  324 . 8  
5 3  
■ 
Tab le  1 4 .  Means and the d i fferences between F 1  rec iproca l s  for 





























1 J j i  d 
19 .8  19 .6  0 .2  
19 .5  19 .3  0 . 2  
1 6 . 7  1 7 . 7  0 
18 .4  19 . 3  - 0 . 9  
20 .4 1 9 . 3  0 . 9  
20 .5  20 . 9  - 0 . 4  
19 .7  21 . 0  - 1 .3 
1 8 . 5  18 .3  0 . 2  
1 8 . 2  1 7. 5  0 .7  
20 . 3  20 .9  - 0 . 6  
22 . 5  2 1 . 5  1 .0 
20 . 7  20 . 7  0 
19 .6  20 . 4  - 0 . 8  
19 . 1 16 . 1 3 . 0** 
20 . 1  20 . 1  0 
20 .9 22 . 6  - 1 . 7* 
19 . 0  1 9 .7  - 0 . 7  
1 8 . 9  18 .8  0 . 1  
18 .9  18 . 5  0.4 
20 .7  20 . 2  0 .5  
19 .9  20 .9  - 1 . 0 
19 . 1 19 .9 - 0 .8  
1 8 . 5  18 . 1 0 .4  
1 7  . o  17 .5  -0 .5  
18 .6  1 7. 5  1 . 1  
19 .4  19 . 5  
1984 
i j J 1 d 
19.5 18 .8  0 .  7 
18 .2  1 7. 2  1 . 0 
1 5  .8 1 6 . 2  - 0 . 6  
16 . 1  1 5 .8 0 . 3  
1 5 . 7  16 .4  - 0 . 7  
19 .3 18 . 5  0 .8  
20 . 1  1 9 . 0  1 . 1 
1 6 .  7 1 5  . 8  0 .9 
14 .9  1 5 . 1 - 0 . 2  
1 7. 0  16 .3  0 .  7 
17.8  18 .3  - 0 .5  
17.5 17 .9  - 0 .4 
16 .5  16 .4  0 . 1  
17.3 17 .5  - 0 . 2  
1 5 .4 16 .7  - 1 . 3 
19 .6  19 .4  0 . 2  
19 . 2 19 .8  - 0 . 6  
17 . 1 17.3  - 0 . 2  
1 7 . 7  17 .6  0 . 1  
19 .4  1 8 . 7  0 . 7  
18 . 0  1 8 . 9  - 0 . 9  
16 .8  18 . 1  - 1 . 3 
16 .4 16 .  7 - 0 .3  
15  .4 16 .4  - 1 . 0 
1 7. 5  1 5  . 8  1 .  7 
17.4  1 7.4  
i j  = spr i ng " i "  as  female and wi nter 11 j 11 as ma le.  
j i  = wi nter 11 j 11 as female and spr ing 11 i 11 as ma le .  
d = di fference i j  - j i .  
1985 
i j j i d 
19 . 1 1 8 . 3  0 . 8  
1 7.9 1 7. 5  0 . 4  
16 .4  1 7 . 3  - 0 . 9  
17 .3  1 7 . 1 0 . 2  
1 7. 7  1 5 . 4 2 . 3** 
19 . 1 1 9 .  7 - 0 . 6  
20.3 1 9 .9  0 . 4  
17 . 1 1 6 . 4  0 . 7  
1 7 . 9  1 7. 9  0 
1 8 . 6  1 8 . 2  0 . 4  
20 . 7  20 . 5  0 . 2  
17 .6  1 9 . 3  _ , . ,.. 
1 5 . 9 1 6 . 4  - 0 . 5  
1 7.4 1 7. 2  0 . 5  
1 7. 6  1 7 . 0  0 . 6  
20 . 1 1 9 .  9 O • 2 
19 .9  1 8 . 6  1 . 3 
16 .3  1 5 . 6  0 . 7  
1 6 . 2  1 6 . 0  0 . 2  
18 .4  1 9 . 0  - 0 . 6  
20 .6  20 . 3  0 . 3  
1 8 . 4  1 8 . 9  - 0 . 5  
1 7 . 7  1 8 . 4  - 0 . 7  
17 . 0  1 7. 4  - 0 . 4  
1 6 .  1 1 6 . 1 0 
1 8 . 1 1 8 . 0  
+ = s ign i f i cant at 1 0  percent leve l based on LSMEANS.  
* = s i gn i f i cant at 5 percent leve l based on LSMEANS . 
** = s ign i f i cant at 1 percent l eve l based on LSMEANS . 
5 4  
Table  1 5 .  Means and the di fferences between F 1  rec iproca l s  for 
hei gh t  ( HGT ) .  
Cross 1 983 1984 
; j j i  d i j  j i  d 
But/Aur 1 1 1 . 0 1 09.3 0.7 99.9 ·93 . 1  6 .8* 
But/Pex 1 02 .7  1 02 .7  0 87.6 90 . 5  ·2 .9  
But/Pelc 95 .7  96.3  - 1 . 2 86.3 86.2 o. 1 
But/Ctlc 1 1 5 .3 1 1 5 .3 0 1 00 .3  101 .3  · 1 . 0  
But/Tx7 1 02 . 0  1 02 . 3  · 0 .3 83.6  85 . 0  · 1 . 4 
Jam/Aur 1 10 . 0  108.0  2 . 0  93 . 1  91 . 1  2 . 0  
Jam/Pex 1 03 . 0  1 02 . 0  1 . 0 86.2 89 .9 · 3 .7  
Jam/Pelc 97. 0  98.3 · 1 .3 80 .5 78 . 0  2 . 5  
Jam/Ctlc 1 16 . 0  1 14 . 0  2 . 0  83 .4  86.4 3 .0  
Jam/Tx7 94 . 0  1 00 . 3  ·6 .3** 80 .4  78.3 2 . 1  
Cno/Aur 1 05 . 7 1 03 . 0  2 . 7  92 .8 88.7 4 . 1  
Cno/Pex 88.0  88.3  · 0 . 3  80 .8  76 . 1  4 . 7  
Cno/Pelc 93 .3 94 .3 · 1 . 0 80 . 0  82 . 1  - 2 . 1 
Cno/Ctlc 1 06 . 7  1 03 . 8  2 . 9  91 . 5  93 . 0  · 1 . 5 
Cno/Tx7 88.0  86.0  2 .0  75 . 0  78 .4  ·3 .4  
EE/Aur 1 09 . 7  1 1 0 .3  · 0 .6 98. 3  1 00 . 5  · 2 . 2  
EE/Pex 1 03 .3  1 01 . 3  2 . 0  94 .7  94 .4 0 .3  
EE/Pelc 1 03 .7  1 01 . 7 2 . 0  93 . 6  91 .3 2 .3  
EE/Ctlc 120 .3  1 19 . 7  0 .6  1 04 .2  1 02 .6  1 .6 
EE/Tx7 1 1 0 . 0  1 1 1 .7 · 1 .  7 95 . 2  91 .3  3 .9  
Thr/Aur 105 . 0  1 06 .  7 · 1 .  7 . 89.6 87.9 2 . 7  
Thr/Pex 92 .7  91 .3  1 . 4 78.9 80. 3  - 1 . 4 
Thr/Pek 88.7  92 .3  -3 .6  79.5  80 . 1  - 0 . 6  
Thr/Ctk 98 .3 1 03 .3  -4 .0* 85 .9 86 . 9  - 1 . 0  
Thr/Tx7 85 .7  89. 7  - 4 . 0* 76.3  78.2 - 1 . 9 
mean 1 01 . 8  1 01 .8  88.0  87.7  
i j  = spr i ng " i "  as female and wi nter 11 j 11 as ma le. 




= wi nter 11 j t1 as fema le and spr ing 11 i 11 as ma le. 
= difference ij • j i .  
= s i gn i f i cant a t  1 0  percent leve l based on LSHEANS .  
= s igni f i cant a t  5 percent level based on LSMEANS .  
..,. = s i gni f i cant a t  1 percent level based on LSMEANS .  
1 985 
i j  j i  
97. 5  96 . 5  
95 . 7  91 . 9  
90 . 3  89. 5  
1 02 . 3  1 00 . 7  
97. 2  93 . 4  
1 00 . 3  1 00 . 5  
96 .8  94 . 6  
92 . 1  91 . 1  
1 1 1 . 7 1 1 1 . 2 
92 . 5  92 .2  
1 05 . 7  1 01 . 7  
89 . 1  89 .7  
84 .4 84 . 5  
1 00 . 7  10 1 . 2  
85 . 7  85 . 2  
1 05 . 7 1 06 . 3  
1 05 . 0  99 . 7  
92 . 2  87. 8  
1 17 . 2  1 1 4 . 8 
1 04 . 2 1 03 . 8  
99.4  98 . 5  
88 . 9  86 . 6  
88 . 1 88 .  1 
1 00 . 9  102 . 1  
86 . 1 83 .3 
97. 4  96. 1  
55 
d 
1 . 0 
3 .8  
0 .8  
1 . 6 
3 . 8  
· 0 . 2  
2 . 2  
1 . 0 
0 . 5  
0 .3  
4 . 0  
- 0 .6  
- 0 . 1  
- 0 . 5  
0 . 5  
· 0 .6 
5 .3** 
4 .4* 
2 . 4  
0 . 4  
0 . 9  
0 . 3  
0 
- 1 . 2 
- 2 . 8  
b 
Table 16 .  Average of  t he  F 1  hybrids a� rec iproca l di fferences 
for PD ,  HD , and ANT over 1983 , 1984 and 1 985 . 
Cross 
i j  
But/Aur 30 . 7  
But/Pex 28. 4  
But/Pelc 28 . 9  
But/Ctlc 32 .8  
But/Tx7 30 .0  
Jam/Aur 30 .2  
Jam/Pex 27. 1 
Jam/Pelc 28 . 7  
Jam/Ctlc 33 . 0  
Jam/Tx7 27. 0  
Cno/Aur 28. 9  
Cno/Pex 26. 0  
Cno/Pek 26. 2  
Cno/Ctk 32 . 1  
Cno/Tx7 26 . 2  
EE/Aur 32 . 1  
EE/Pex 28 . 8  
EE/Pelc 30 .7  
EE/Ctlc 35 .8  
EE/Tx7 31 . 5  
. Th r/Aur 24 . 7  
Thr/Pex 24 . 7  
Thr/Pek 25 .9  
Thr/Ctlc 28. 6  
Thr/Tx7 25 . 0  
mean 29. 0  
i j  = spr i ng 11 i 11 
PD HD 
j i  d i j  j i  d 
29. 0  1 .?it 52 . 1  5 1 . 2  0 . 9  
27.8 0 .6  51 . 1  50 . 1  1 . 0 
28.2  - 0 . 7  45 .9  45 . 2  0 . 2  
33. 2  - 0 .6 48 .8  50 .3  - 1 . 5** 
29.9  0 . 1 46 . 2  46 .3 - 0 . 1  
29 . 6  0 .6  5 1 .4  5 1 .0  0 .4  
27. 0  0 . 1  53 .8  53 . 5  0 .3  
29 .6  -0 .9  44 .6  45 .2  - 0 .6  
32 .9 0 . 1  49 . 1  48.7  0 .4  
28 . 5  - 1 . 5* 48 .5  50 .6  - 2 . 1 ** 
28 . 1  0 .8  54 .8  54 .4  0 .4  
24 . 8  1 . 2+ 5 1 .9 5 1 .3 - 0 .4  
26.3  - 0 . 1  48.3 47.5  0 . 8  
32 . 5  - 0 .4 50.6 50 . 4  0 . 2  
26. 4  - 0 . 2  49 .4 49. 4  0 
31 . 1  1 . 0 54 .9 53 . 0  , . 9** 
28. 2  0 . 6  54 . 0  54 . 0  0 
29. 1  1 . 6* 45 . 7  46 . 2  - 0 . 5  
35 . 2  0 . 6  50 . 2  50 . 8  - 0 .6 
3 1 . 7  - 0 . 2  5 1 . 0  50 .3  0 .7  
25 . 4  - 0 . 7  54 . 0  53 .8 0 . 2  
25 . 1  - 0 . 4 50 . 4  50 .8  - 0 .4 
26 . 0  - 0 . 1  49 .4 44 .6  2 .8** 
30 .3  - 1 . r 51 . 1  50 .0  1 . 0 
25 . 5  - 0 . 5  47.4 47.8 - 0 . 4  
28 . 9  50 . 1  49 .9 
as fema l e  and w i nter 11 j 11 as male .  
j i  = w i nter 11 j 11 as fema l e  and spr i ng " i "  as male .  
d = di fference i j  j i .  
+= s i gn i f i cant a t  1 0  percent l eve l based on LSMEANS .  
*= s i gn i f i cant at 5 percent l eve l based on LSMEANS .  
**= s i gn i f i cant a t  1 percent l eve l based on LSMEANS .  
i j  
57.9 
58.3 
52 . 1  
54 .8  
52 . 2  
57.7 
60 . 5  
5 1 . 5  
55 . 4  
55 . 4  
61 . 0  
58 . 1  
55 . 0  
57.8 
56 . 2  
60 .9 
60 . 1  
52 .0  
55 . 7  
57. 1 
59. 6  
56 .9 
53 . 4  
57.3 
54 . 5  
56. 4  
5 6  
observed 
ANT 
j i  d 
57.3 - 0 . 6  
57.4 0 . 9  
5 1 .0  1 . 1 * 
56 . 9  -2 . 1 ** 
52 . 5  - 0 . 3 
56 . 7  1 . 0 
60 . 8  - 0 . 3 
5 1 .6  - 0 . 1 
54 . 7  0 . 7  
56 . 3  - 0 .9 
59 .9  1 . 1 * 
58 .9 - 0 . 8  
54 . 2  0 . 8  
57. 1 0 . 7  
56 . 2  0 
59. 8  1 . 1 * 
61 . 0  - 0 .9+ 
52 .0  0 
56 . 8  - 1 . 1 * 
56 .8 0 . 3  
60 . 0  - 0 . 4  
57.4 - 0 . 5  
5 1 . 3  2 . 1 ** 
57. 0 0 . 3  
55 . 2  - 0 . 7  
56. 3  
Tab le  17. Means and the d i f ferences between F 1  rec i proca l s  for 
pedu,cle l ength C PD ) .  
Cross 1983 1984 
i j  j i  d i j  j i  d 
But/Aur 32 . 0  31 . 2  0 . 8  30 . 1  28. 3  1 . 8 
But/Pex 29.6  30 . 1  - 0 . 5  27. 2  26. 1  1 . 1 
But/Pelc 29.9  30 . 1  - 0 . 2  26 .9  26. 7  0 . 2 
But/Ctlc 33 . 2  35 . 1  - 1 .9 31 . 6  32 .3  - 0 .7  
But/Tx7 30 . 5  30 .3  0 . 2  29 . 0  28. 5  0 . 5  
Jam/Aur 32 . 5  30 . 9  1 .6 26 .4  27.6  - 1 . 2 
Jam/Pex 26.8  26 . 5  0 .3 25 .9  25 .2  - 0 .7  
Jam/Pelc 29 .6  30 . 5  - 0 . 9  26.4 28 . 5  - 2 . 1  
Jam/Ctlc 33 .6  33 .2  0 . 4  30 . 2  29 .6 0 .6 
Jam/TX7 24 . 0  25 .7  - 1 . 7 25 . 4  27.9 - 2 . 5  
Cno/Aur 30 . 0  29.6  0 .4  25 .9  25 . 1  0 . 8  
Cno/Pex 23 .8 23 . 7  0 . 1  25 . 8  23 .7  2 . 1  
Cno/Pelc 25 .2  26. 4  - 1 . 2 25 .6  25 . 1  0 . 5  
Cno/Ctlc 30 . 5  29. 0  1 . 5 30 .3 34 . 0  - 3 . 7*  
Cno/Tx7 24 . 1  24 . 7  - 0 . 6  25 .8 25 .8 0 
EE/Aur 33 . 1  3 1 . 9  1 . 2 29 .2  28 .7  0 . 5  
EE/Pex 29 .3 27. 4  1 .9 26 .3 28 . 1  - 1 . 8 
EE/Pelc 32 . 5  30 . 4  2 . 1  31 . 1  27.4  3 . 7** 
EE/Ctlc 35 . 5  35 .9 - 0 . 4  35 . 6  34 . 4  1 . 2 
EE/Tx7 31 . 1  32 .9  - 1 . 8 30 . 7  31 . 2  - 0 . 5  
Thr/Aur 25 . 9  27.3 - 1 . 4 22 . 5  21 . 5  1 . 0 
Thr/Pex 22 .9  23 .7  - 0 .8 24 .3 24 . 1  0 . 2  
Thr/Pelc 25 . 5  25 .0  0 . 5  24 .9  24 . 0  0 . 9  
Thr/Ctlc 28. 5  30 .7  - 2 . 2  25 . 7  27.3  - 1 .6 
Thr/Tx7 23 . 7  23 .3 0 .4 26. 2  26.9  - 0 .7  
mean 29 . 0  29. 0  27.6  27. 7 
i j  s spr i ng " i "  as female and wi nter 11 j 11 as male .  




= wi nter 11 j 11 as fema le and spr ing 11 i 11 as ma le.  
= d i fference i j  - j i .  
= s i gn i f i cant at 1 0  percent leve l based on LSMEANS . 
= s i gn i f i cant at 5 percent leve l based on LSMEANS .  
** s s i gn i f i cant at 1 percent level based on LSMEANS .  
1985 
i j  j i  
30 . 3  26. 7  
28. 4  27. 0 
29. 7  27. 7 
33 . 0  32 . 3  
30 . 6  31 . 0  
30 . 8  29.6  
29 . 3  29 . 1  
30 . 5  30 . 0  
35 . 3  34 . 5  
30 . 9  30 .8  
30 . 9  29 .4  
28 .6  26 . 7  
26 . 8  26 .4  
35 . 1  35 . 8  
28 . 7  28 .6  
33 . 5  31 . 9  
30 . 5  29 . 2  
29 . 4  29 . 1  
36 . 2  35 .3  
32 .8  31 . 0  
25 . 7 27.4  
27. 3  27.6  
27. 5  28 .8  
31 . 2  33 . 1  
25 . 7 26 . 5  
30 . 4  29 .9  
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d 
3 . 6** 
1 . 4 
2 . 0* 
0 . 7  
- 0 . 4  
1 . 2 
0 . 2  
0 . 5  
0 .8 
o .  1 
1 . 5 
1 .9* 
0 .4  
-0 .7  
0 . 1 
1 . 6 
1 . 3 
0 . 3  
0 . 9  
1 . 8 
- 1 . 7 
0 . 3  
- 1 .3 
- 1 . 9* 
- 0 . 8  
Tab le  18 .  Means and the di fferences between F 1  rec iproca l s  for 
days to head i ng ( HD) . 
Cross 1983 1984 
i j  j i  d i j  j i  d 
But/Aur 49.7 49 . 2  0 . 5  54 . 6  52 .7  1 .9 
But/Pex 50. 9  5 1 . 1  - 0 . 2  53 .4  50 .9  2 . 5  
But/Pelc 45 .5  44 . 5  1 . 0 47. 0  46 .2  1 .8 
But/Ctlc 48. 1  49 .3  - 1 . 2 50 . 1  51 . 2  · 1 . 1  
But/Tx7 48. 1  46 .9  1 . 2 46.8 47.3 - 0 . 5  
Jam/Aur 49. 5  49 .8 - 0 . 3  54 . 7  53 . 1  1 . 6 
Jam/Pex 53 . 4  52 . 9  0 . 5  54 . 2  55 . 0  - 0 . 8  
Jam/Pelc 44 . 5  44 .6  - 0 . 1 46. 1  47.6  - 1 . 5 
Jam/Ctlc 49. 3  49 .8  - 0 . 5  49 .6  48.3 1 .3 
Jam/Tx7 48. 3  50 . 7  - 2 . 4** 47.7  5 1 . 1  - 3 . 4* 
Cno/Aur 5 1 . 9  50 . 9  1 . 0 57.3  57.8  - 0 . 5  
Cno/Pex 48 . 9  50 . 4  - 1 . 5* 55 .6  55 . 5  - 0 . 1 
Cno/Pelc 47. 7  47.3 0 . 4  54 .9  54 . 5  0 . 4  
Cno/Ctlc 48 .9  47. 2 1 .7 52 . 5  52 .8 - 0 .3  
Cno/Tx7 48 .3 48. 7  - 0 .4 50 .4 50 .4 0 
EE/Aur 53 . 0  5 1 .9  1 . 1  57.4 54 .4  3 . 0* 
EE/Pex 54 .3  55 .0  - 0 .7  56 . 5  55 .6  0 .9 
EE/Pelc 45 . 5  46 .3 - 0 .8 47. 2  48 .0  - 0 . 8  
EE/Ctlc 50 . 2  5 1 . 1  - 0 .9  50 .9  5 1 .8 - 0 .9 
EE/Tx7 5 1 . 5  5 1 . 3  0 . 2  52 . 1  51 .3 0 .8 
Thr/Aur 49.9  50 . 5  - 0 . 6  57.8  57.7  0 . 1  
Thr/Pex 49. 5  49. 1  0 . 4  52 .6  52 . 5  0 . 1  
Thr/Pelc 46. 5  45 .8  0 .7  48.8 44 .3 4 . 5** 
Thr/Ctlc 49.8  48 .6  1 . 2 55 . 0  53 . 5  1 . 5 
Thr/Tx7 46.9 48. 4  - 1 . 5* 48 .9  48.9  0 
mean 49 . 2  49. 3  5 1 .8 51 . 4  
i j  = spr i ng 11 1 11 as fema l e  and winter 11 j 11 as ma le.  
j i  
d 
= winter 11 j 11 as fema le and spr ing 11 i 11 as male .  
= difference i j  · j i .  
i j  
52 . 0  
48 .9  
45 . 3  
48 . 1  
43 . 7  
50 . 1  
53 . 5  
43 . 1  
48 . 5  
49 . 7  
55 . 2  
5 1 . 1  
47.8 
50 .6  
49 . 5  
54 . 5  
51 . 1  
44 . 5  
49. 5  
49.6  
54 . 2  
49. 0  
46.9  
48. 4  
46. 4  
49 .3  
+ = s ign i f icant at 1 0  percent leve l based on LSMEANS . 
* = s igni f i cant at 5 percent level based on LSMEANS .  
... = s i gni f i cant a t  1 0  percent L ebel  based on LSMEANS . 
1985 
j i  
5 1 . 7  
48 . 4  
45 . 9  
50 . 5  
44 . 7  
50 .3  
52 . 7  
43 . 4  
47.9 
50 . 0  
54 . 5  
5 1 . 1  
46. 0  
50 . 9  
49. 2  
52 . 7  
5 1 . 2  
44 .3  
49 .6  
48 . 3  
53 . 2  
50 . 9  
43 . 7  
48.9  
46. 2  
49. 0  
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d 
0 . 3  
0 . 5  
- 0 . 6  
- 2 . 4* 
- 1 . 0 
- 0 . 2  
0 . 8  
- 0 .3 
0 . 6  
- 1 . 0 
0 . 7  
0 
1 . 8 
- 0 . 3  
0 . 3  
1 .8 
- 0 . 1  
0 . 2  
- 0 . 1  
1 .3 
1 . 0 
- 1 .9* 
3 . 2** 
- 0 . 5  
0 . 2  
Tab le  19 .  Means and the  di fferences between F 1  rec i proca ls  for 
days to anthes i s  CANT ) .  
Cross 1 983 1984 
i j  j i  d i j  j i  d 
But/Aur 53 .9 53 .3  0 . 6  62 . 5  61 . 1  1 .4 
But/Pex 55 .9  55 . 7  0 . 2  63 .3  60 .8 2.5  
But/Pelc 50 . 1  48. 2  1 .  9'A' 54 .8  53 . 5  1 .3 
But/Ctlc 52 . 1  53 . 5  - 1 . 4 57.8  59.9  - 2 . 1  
But/Tx7 52 . 5  5 1 .6  0 . 9  55 . 1  55 .8 - 0 . 7  
Jam/Aur 53 . 5  53 .6  - 0 . 1  62 .9 61 . 2  2 .7* 
Jam/Pex 58 .0  57.8 0 . 2  63 .7  64.9 - 1 . 2 
Jam/Pelc 49 .9 49. 5  0 .4 55 . 1  55 .8  - 0 .7  
Jam/Ctk 52 .8 53 . 1 · 0 . 3  58. 2  57. 1 1 . 1  
Jam/Tx7 52 .9 53 .6  - 0 .7  57.6 59.4  • 1 .8 
Cno/Aur 56. 7  55 . 1  1 . 5* 65 . 2  65 .3  - 0 . 1 
Cno/Pex 53 .8  55 .3  - 1 . 5 63 .6  64 . 1  - 0 . 5  
Cno/Pek 52 . 1  5 1 .6  0 . 5  58 . 5  57.4 1 . 1  
Cno/Ctk 53 . 5  5 1 . 7  1 .8 62 .4  62. 0  0 .4 
Cno/Tx7 53 . 2  53 .6  - 0 .4  59.7  59.4 0 .3  
EE/Aur 57.4 56 .3  1 . 1  65 .0  64.3  0 .7  
EE/Pex 59.4 60.3  - 0 .9  63 .8 64.9 . 1 . 1 
EE/Pelc 49.9  50 .3  - 0 . 4  55 . 1  55 .7  - 0 .6  
EE/Ctk 54 . 1 54 .9  - 0 . 8  58 .3 60 . 5  - 2 . 2  
EE/Tx7 55 .5  55 .9  - 0 . 4  60 .3 60 .4  - 0 . ,  
Thr/Aur 54 . 0  54 .7  - 0 .7  65 . 0  65 .8  - 0 .8 
Thr/Pex 53 .9 54 . 0  - 0 . 1  61 . 4  61 . 2  0 . 2  
Thr/Pek 50 . 7  50 .9 - 0 . 2  56 .9  53 . 7  3 . 2* 
Thr/Ctk 54 . 5  53 . 1  1 . 4 62 . 0  62 . 8  - 0 .8 
Thr/Tx7 5 1 .9  53 . 2  - 1 . 3 58 .4  59 . 1 - 0 . 7  
mean 53 .7 53 .7  60.2  60 . 2  
i j  = spr i ng " i "  as female and wi nter 11 j 11 as mate .  




= w inter 11 j 11 as female and spd ng 11 i 11 as male .  
= di fference i j  . j i .  
= s i gni f i cant at 1 0  percent level based on LSMEANS .  
= s i gn i f i cant at  5 percent leve l based on  LSMEANS . 
** = s i gn i f i cant at 1 percent leve l based on LSMEANS . 
1985 
1 J j i  
57.3 57. 6 
55 . 7  55 . 8  
5 1 . 2  5 1 . 4  
54. 3  57. 2  
48. 9  50 . 0  
56 . 9  56 . 4  
59. 5  59. 8  
49. 5  49. 6  
55 . 1  54. 0  
55 . 8  56 . 0  
61 . 1 59 .3  
57. 0 57.3 
53 . 7 53 . 0  
57. 3  56. 7  
55 . 7  55 . 6  
64 . 3  62 .8  
57. 0  57. 9 
5 1 . 0  50 . 1  
54 . 7  54 .9  
55 . 5  54 . 1  
59 . 7  59 . 7  
5 5  . 5  5 7  . 1  
52 .6  49 . 3  
55 . 5  55 . 1  
53 . 1  53 . 5  
5 5 . 5  55 . 2  
59 
d 
- 0 .3 
- 0 . 2  
- 0 . 2  
- 2 .9** 
- 1 . 1  
0 . 5  
- 0 .3 
- 0 . 1  
1 . 1 
- 0 . 2  
1 . 8 
- 0 .3 
0 . 7  
0 . 6  
0 . 1  
1 . 5 
- 0 . 9  
0 . 9  
- 0 . 2  
0 . 6  
0 
- 0 . 6 
3 .3** 
0 .4  
- 0 . 4  
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significant. The cross, BUT/CTK also exhibited significant 
reciprocal differences for HD and ANT over years (Table 
16) . This phenomena occurred in every year although it was 
only significant in 1985 where BUT as a female produced an 
earlier cross when in combination with CTK (Table 19) . 
Relationship of parents to reciprocal differences in the 
Fl: 
Comparison between parents and differences in 
reciprocal crosses was made in 1985 only. No relationship 
was found to occur between the diversity of the parents and 
the occurrence of differences in reciprocal Fl crosses 
among the yield component traits. This was demonstrated by 
the significant reciprocal Fl difference found in the 
JAM/AUR cross for TL and GMPL (Table 4) despite the lack of 
diversity in TL and GMPL among the spring and winter 
parents (Table 1) . 
No relationship was found between the extent the 
parents differed in a cross and reciprocal Fl differences 
for LLN, LWD, and PD. For HGT , HD, and ANT , all reciprocal 
crosses having signficant differences (Tables 12 and 16) 
also had significantly diverse parents (Table 2) . Not all 
significantly diverse parents used in crosses though were 
associated with different reciprocal Fl crosses. Eureka 
(EE) , a spring wheat significantly taller than four winter 
wheats (Table 2), was associated with differences in only 
two reciprocal crosses, EE/PEX and EE/PEK (Table 12) . In 
both instances the hybrid with EE as the female was taller 
than its reciprocal. 
General combining ability: 
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Results of general combining ability (GCA) were 
reported by averaging over . reciprocals for all traits 
including the characters HD and ANT where significant cross 
by reciprocal effects occurred and the trait GMPL which was 
associated with significant reciprocal effects. This was 
due to similiar GCA rankings observed irregardless of the 
direction of the cross. Complete analysis of variance 
tables are located in appendix Tables 17A through 32A. Due 
to the lack of significant year by spring or year by winter 
interactions associated with TL, SPIK, LLN, and LWD, 
results averaged over years were considered to represent 
the best estimates of GCA . Interactions present in the 
other traits prevented over year analysis. 
General combining ability estimates for TL among the 
springs wheats in the over year analysis were more similiar 
when compared to the GCA estimates for the winter wheats 
(Table 20) . Thrush (THR) and CNO had the smallest GCA 
values among the springs and CTK the largest and PEK the 
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smallest estimations among the winter parents. 
A significant year by spring interaction for KWT 
prevented over year interpretation. The range in the 
spring parents were approximately twice as great in 19 84 as 
compared to 1983 and 1985 (Table 21) . Among the spring 
wheats in 1983 and 1985, EE and CNO had the largest GCA 
estimates. In 1984,  GCA estimates were highest for the 
spring parents EE and BUT. In the winter parent GCA 
analysis, AUR and PEX as parents in spring crosses produced 
the largest GCA estimate and PEK and TX7 the smallest 
estimate. 
General combining ability estimations for GMPL were 
complicated by significant year by spring interactions. The 
range in GCA was widest in 1984 with EE having the largest 
and CNO the smallest values. Among the winter cultivars, 
AUR and CTK produced the largest GCA estimations over years 
and TX7 and PEK the smallest (Table 2 2). 
over year examinination of KER was not · possible 
among the spring cultivars due to a signficant year by 
spring interaction. This was shown in Table 23 by the 
inability of CNO to perform similiarily over years . The 
cultivar THR was among the lowest spring wheat in GCA. 
Averaged over years, PEK produced the lowest GCA estimation 
among the winter wheat cultivars. The other winter types 
were indistinguishable (Table 23). 
Table 20 . General combi n ing abi l i ty for TL in 1983 , 1984,  1985 
and 1983 -85 .  
Spr i ngs 1983 -85 1983 1984 1985 
EE 5 .6 A 4 .6  A 5 . 0  A 7. 1 A 
BUT 5 . 4  A 4 . 5  A 5 . 2  A 6 .3  AB 
JAM 5 . 2  A 4 . 5  A 4 . 7  A 6 .4  A 
THR 5 . 0 AB 4 . 1 A 4 . 2  A 6 .6  A 
CNO 4 . 5  B 4 . 2  A 3 . 8  A 5 .4 B 
range 1 . 1 0 . 5  1 . 4 1 . 7 
Wi nters 
CTIC 5 . 9  A 5 . 3  A 4 . 9  A 7.4 A 
AUR 5 .2 B 4 . 5  AB 4 . 7  A 6 . 4  AB 
TX7 5 . 1  B 4 .3  B 4 .4  A 6 . 5  AB 
PEX 4 . 9  B 4 . 0  B 4 .6  A 6. 1 AB 
PEIC 4 . 4  C 3 . 7  B 4 . 2  A 5 .3 B 
range 1 . 5 1 .6 0 .  7 2 . 1  
Grand mean 5 . 1  4 . 4  4 .6  6 .3  
Tab l e  2 1 . Genera l cori>ining abi l i ty for K\IT i n  1983 , 1 984 ,  1985 
and 1983 -85 .  
Spr i ngs 1 983 -85 1983 1984 1985 
EE 2 . 46 A 3 . 06 AB 2 .37 A 2 . 1 2  AB 
CNO 2 . 36 A 3 .06 A 1 .87 BC 2 . 21 A 
BUT 2 . 27 A 2 .69 B 2 . 21 AB 1 .89 B 
JAM 2 . 24 A 2 .70 B 1 .93 BC 2 . 04  AB 
THR 2 . 19 A 2 .77 B 1 .  71 C 2 . 09 AB 
range 0 . 27 0 .37 0 . 66  0 .32 
Winters 
AUR 2 . 56 A 3 . 16  A 2 . 1 1  A 2 .44 A 
PEX 2 . 40 AB 2 .97 B 2 . 18 A 2 . 05 B 
CTIC 2 . 27 BC 2 .71 C 1 .98 AB 2 . 1 0  B 
PEIC 2 . 1 5  C 2 .60 C 1 .98 AB 1 .90 BC 
TX7 2 . 1 2  C 2.65 C 1 . 85 B 1 . 87 
range 0 . 44 0 . 5 1  0 .33 0 . 57 
Grand 2 . 30 2 .82 2 . 02 2 . 07 
mean 
Wa l ler ·Dll'lCan t tests were performed separately on spr i ngs and 
wi nters ( ICRAT I0=100 ) .  
Letters i n  conmon are not s i gn i f i cant ly d ifferent . 
C 
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► 
Table  22 . Genera l combi ning abi l i ty for GMPL in  1983, 1 984,  
1985 and 1983 -85 .  
Spri ngs 1 983 ·85 1983 1984 1985 
EE 1 3 . 38 A 1 3 . 22 A 1 2 . 01 A 1 4 .82 A 
BUT 1 1 .92 A 1 2 . 29 A 1 1 . 59 AB 1 1 . 95 B 
JAM 1 1 .64 A 1 2 . 04 A 9 .43 BC 1 3 . 28 AB 
THR 1 0 . 85 A 1 1 .42 A 7 .23 C 1 4 . 04 AB 
CNO 1 0 .64 A 1 2 .92 A 7 .38 C 1 2 . 1 1  B 
range 2 . 74 1 . 80 4 . 78 2 . 87 
W inters 
AUR 1 3 . 48 A 1 4 . 27 A 1 0 . 44 A 1 5 . 74 A 
CTK 13 . 30 A 1 4 . 43 A 1 0 . 25 A 1 5 .62 A 
PEX 1 1 .62 B 1 1 .97 AB 1 0 . 29 A 1 2 . 67 AB 
TX7 1 0 . 65 BC · 1 1 . 5 1  B 8 . 34 A 1 2 . 1 4 AB 
PEK 9.37 C 9.68 B 8 .32 A 1 0 . 03 B 
range 4 . 1 1  4 . 75  2 . 1 2  5 .  71 
Grand 1 1 .69 1 2 .37 9 . 53 1 3 . 24 
mean 
Table 23 . Genera l combini ng abi l i ty for KER in  1983 , 1984 , 1985 
and 1983 · 85 .  
Spr i ngs 1983 -85 1983 1984 1985 
EE 49. 08 A 55 . 21 8 47. 23 A 44 .82 A 
CNO 48. 83 A 58.92 A 40 .67 B 47 . 53 A 
JAM 47.91 A 55 .61 8 41 . 24 AB 46 . 00 A 
BUT 47. 77 A 54 .76 8 45 . 29 AB 43 . 00 A 
THR 42 . 5 1  A 50. 09 C 34. 16 C 43 . 28 A 
range 6 . 57 8 .83 1 3 . 07 4 . 53 
W i nters 
PEX 49. 57 A 56.70 AB 44. 7  A 47. 23 AB 
CTK 49 . 29 A 55 .21 B 43 . 2  AB 48.94 A 
AUR 48. 16 A 58 .83 A 39 .68 BC 45 . 58 AB 
TX7 47. 52 A 54 .85 B 42 .33 BC 45 . 24 B 
PEK 41 . 57 B 49. 0  C 38. 69 C 37.63 C 
range 8 . 00 9 . 83 6.43 1 1 . 3 1  
Grand 47. 23 54 .92 4 1 . n  44 .92 
mean 
Wa l ler- Duncan t tests were performed separate ly on spr i ngs and wi nters 
( KRAT I0= 100 ) . 
Letters i n  comnon are not s i gni f i cant ly di fferent . 
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Interactions with year were present in both the 
spring and winter cultivars for Kl00W. Ranges in Kl00W 
within the spring types were low in all years with 1984 
exhibiting no differences in GCA (Table 24) . In 1983 and 
1985, GCA was lowest for BUT and JAM. The winter parents 
showed more diversity in GCA values in 1983 and 1985 while 
among the spring types, 1983 represented the year of 
greatest diversity. The cultivar, TX7, was one of the 
poorest parents in GCA. For the trait SPIK, EE produced the 
largest GCA estimation over years within the spring wheats 
while the others performed similiarily. Within the winter 
parents, AUR was associated with the largest and PEK the 
smallest GCA values over years (Table 25) . 
Eureka (EE) and CNO produced the largest GCA 
estimations for LLN over years among the spring types while 
James (JAM) , BUT and THR had similiar GCA ' s. The winter 
parent, AUR, had the largest GCA estimation and PEK and TX7 
thw smallest over years (Table 26) . 
Leaf width (LWD) GCA estimates were similiar among 
the spring cultivars with the greatest range in GCA 
occurring between EE and BUT. The winters were more 
discernible with AUR having the largest and PEK and CTK the 
smallest GCA over year values (Table 27) . 
Individual year analysis for HGT was necessary among 
the spring types due to presence of year by spring 
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Table 24 . Genera l cooi:>ining abi l i ty for K1 00W i n  1983 , 1984 ,  1985 
and 1983-85 .  
Spri ngs 1 983-85 1983 1984 1985 
THR 5 . 1 1  A 5 . 53 A 4 .96 A 4 . 83 A 
EE 5 . 04  AB 5 . 22 B 5 . 08 A 4 . n  A 
CNO 4 . 81 BC 5 . 18 B 4 . 59 A 4 . 70 A 
BUT 4 . 73  C 4 . 91 C 4 .88 A 4 . 43 B 
JAM 4 .68 C 4 .86 C 4 .63 A 4 . 39 B 
range 0 . 43 0 .67 0 . 50 0 .44 
lilinters 
AUR 5 . 37 A 5 .37 A 5 . 27 A 5 . 33 A 
PEIC 5 . 17 A 5 .30 A 5 . 1 7 A 5 . 06 B 
PEX 4 .81 B 5 . 25 A 4 .86 B 4 . 34 C 
CTIC 4 . 57 BC 4 .93 B 4 . 5 1  C 4 . 26 CD 
TX7 4 .45 C 4 .85 B 4 .35 C 4 . 1 2  
range 0 .92 0 . 52 0 .92 1 . 2 1  
Grand 4 . 87 5 . 14 4.84 4 . 62 
mean 
Table 25 . Genera l cooi:>i ning abi l i ty for SP I K  in 1983 , 1984 , 1 985 
and 1983 -85 .  
Spri ngs 1983 -85 1983 1984 1 985 
EE 1 6 . 7  A 18 .9  A · 1 5 . 7  A 1 5 . 5  A 
BUT 1 5 .6 B 18 . 2  B 1 4 . 2  AB 1 4 . 4  B 
JAM 1 5 . 6  8 18 .3  B 1 3 .6  B 1 4 . 7  AB 
THR 1 5 . 5  8 1 8 . 0  B 13 .8  B 1 4 . 9  AB 
CNO 1 5 . 1 8 1 7.9  B 1 3 . 3  B 1 4 . 2  B 
range 1 .6 1 . 0 2 . 4  1 .3 
Wi nters 
AUR 17 . 2  A 19 .7  A 1 5 . 8 A 1 6 . 0  A 
CTIC 1 5 .9 B 18 .0  C 14 .3  B 1 5 .4 A 
PEX 1 5 .6 BC 18 .5  B 1 3 .9  B 1 4 . 4  B 
TX7 1 5 . 2 C 18 . 0 C 1 3 . 4  B 1 4 .3 B 
PEIC 1 4 . 6  D 17. 1  D 1 3 . 2  B 1 3 . 5  C 
range 2 . 6  2 . 6  2 .6 2 . 5  
Grand 1 5 . 7  18 .3  1 4 . 1 1 4 . 7  
mean 
D 
Wa l ler -Duncan t tests were performed separate ly on spri ngs and w i nters 
( KRAT I0= 1 00) . 
Letters i n  conmen are not s igni f i cant ly d i f ferent . 
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Tab le  26 . General cOITbining abi l i ty for LLN in 1983 1 1984 1 1985 
and 1983 -85 .  
Spr i ngs 1983 -85 1983 1984 1985 
EE 329.9  A 320.3  AB 334 .4 A 335 .3  A 
CNO 3 19 .5  AB 323.9  A 306 .0  B 326 . 8  ABC 
JAM 313 . 7  BC 307. 1 BC 302 .8 B 329 . 2  AB 
BUT 309 .8  BC 3 10 .8  ABC 307.6 B 309 . 6  C 
THR 303 .4 C 302.4 C 292 . 1  B 3 16 . 5  BC 
range 26 . 5  2 1 . 5  42 .3 25 . 7 
Wi nters 
AUR 355 .2  A 350.3 A 346 .2 A 366 .9  A 
PEX 340 .3  a 329.6  B 333 .5  a 357.9  A 
CTK 301 .8  C 295 .7  C 298. 1 C 31 0 . 7  B 
PEK 291 . 0  co 298. 5  C 283 .6 D 287 .9  C 
TX7 288.0  D 289.5  C 281 . 5  D 294 . 0  C 
range 67.2 60.8  64.7  79.0  
Grand 315 .3 3 12 . 7  308 .6  323 . 5  
mean 
Table  27. Genera l cOITbin ing abi l i ty for LW i n  1983 1 1984 1 1 985 and 
1983-85 .  
Spri ngs 1983 -85 1983 1984 1985 
EE 18 .8  A 19 .8  AB 18 .6  A 18 . 0  A 
CNO 1 8 . 5  AB 20 .2  A 1 7. 1  B 1 8 . 0  A 
JAM 1 8 . 5  AB 19 .6  AB 1 7.3 B 18 .5  A 
THR 1 7. 9  AB 18 .7  C 1 7.0  B 18 . 1 A 
BUT 1 7.8 B 19 .0  BC 1 7. 0  B 17 .4 A 
range 1 . 0 1 . 5 1 .6 1 .  1 
Wi nters 
AUR 19 .9  A 20 .9 A 18 .8  A 19 .8  A 
PEX 1 9 . 0  B 19.8 B 18 .4  A 18 .9  A 
TX7 18 . 1 C 19.8 B 1 7.0  B 17 .4 B 
PEK 1 7.3 D 18 .6  C 16 .5  BC 16 .8  B 
CTK 17 . 2  D 18 . 1 C 16 .4  C 17. 1 B 
range 2 . 7  2 .8 2 .4  2 .7  
Grand 18 .3  19 .5  1 7.4  18 . 0  
mean 
Wa l ler -Duican t tests were performed separately on spr i ngs and winters 
CKRAT I0=100) . 
Letters i n  conmon are not s igni f i cant ly di fferent . 
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interactions. Eureka (EE) consistently though had the 
largest GCA value and THR the smallest. For the winter 
parents, CTK had the largest and TX7 and PEK the smallest 
GCA estimates (Table 28) . 
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Interactions were present among the spring and 
winter types over years for PD. GCA ranking was very 
similiar to HGT with the greatest divergence in rank 
occurring in 1985 among the spring types and 1984 among the 
winter parents (Table 29) . 
Estimations of GCA for HD (Table 30) were evaluated 
on a year to year basis due to significant interactions 
with parental types. The range in GCA values among the 
spring types was narrow with EE as a parent producing some 
of the latest crosses. Ciano (CNO) , THR and JAM were not 
stable in rank from year to year. Among the winter types, 
1984 and 1985 were very consistent in GCA ranking. All 
five winter parents were different from one another in HD 
with AUR having the largest and PEK the smallest GCA 
estimate. 
Results of the GCA analysis of ANT were very 
similiar to that of HD. All five winter parents were found 
to be different from one another in 1985, having the same 
ranking as that found for HD (Table 31) . 
► 
Table  28 . Genera l combi ning abi U ty for HGT i n  1983 , 1 984 , 1 985 
and 1983 -85 .  
Spr i ngs 1983-85 1983 1984 1 985 
EE 1 03 . 2  A 1 09 .2  A 96. 5  A 1 03 . 7  A 
BUT 97. 5  B 1 05 .3 AB 91 . 3  B 95 . 7  BC 
JAM 95 .9  B 1 04 .3 B 84.6  C 98 . 1  B 
CNO 90.8  C 95 . 8  C 83 . 6  C 92 .8  
THR 89 .9  C 95 .4 C 82 . 1  C 92 . 2  
range 13 .3  13 .8  1 4 . 4  1 1 . 5 
IJinters 
CTK 1 03 .  7 A 1 1 1 .4 A 93 . 5  A 1 06 . 3  A 
AUR 1 0 1 . 0  B 1 07.9 A 93 . 2  A 1 0 1 . 4  B 
PEX 92 . 3  C 97. 5  B 85 . 6  B 93 . 7  
TX7 90 . 5  CD 97.0 B 82 . 2  C 92 .2  
PEK 89 .8  D 96. 1  B 85 . 6  B 88 . 8  
range 13 .9  1 5 .;3 1 1 .3 1 7 . 5  
Grand 95 . 5  1 02 . 0  87. 6  96 . 5  
mean 
Table  29 . Genera l combi ning abi l i ty for PD in 1 983 , 1984 , 1985 
and 1 983 -85 .  
Spr i ngs 1983-85 1983 1984 1985 
EE 31 . 4  A 32 . 0  A 30 . 2  A 3 1 .9  A 
BUT 29. 9  AB 31 . 2  A 28 . 7  AB 29 .8 B 
JAM - 29.4  BC 29.3  B 27.3 B 31 . 1  AB 
CNO 27. 8  CD 26.8  C 26 .6  BC 29 .6  BC 
THR 26 . 1 D 25 .6  C 24 . 7  C 28 . 1  C 
range 5 . 3  6 .4  5 . 5  3 . 8  
IJinters 
CTK 32 . 6  A 32 . 5  A 31 . 1  A 34 . 2  A 
AUR 29 . 0  B 30. 5  B 26 .4  C 29 . 7  B 
TX7 28 . 2  BC 27. 0  D 27. 7  B 29 . 7  B 
PEK 27.9  BC 28 . 5  C 26 . 5  C 28 .6  C 
PEX 26. 8  C 26 .4 D 25 .6  C 28 .3  C 
range 5 . 8  6 . 1  5 . 5  5 .9 
Grand mean 28. 9  29. 0  27. 5  30 . 1  
Wa l l er-Duncan t tests were performed separate ly  on spr i ngs and 
wi nters ( KRAT I0= 100 ) . 







Tab le  30 . General combining abi l i ty for HO in 1983 , 1 984 , 1985 
and 1 983 -85 .  
Spri ngs 1983-85 1983 1984 1985 
EE 5 1 . 0  A 5 1 . 0  A 52 . 5  A 49. 5  AB 
CNO 50 .9  A 49. 1  BC 53 . 0  A 50 . 9  A 
THR 49. 8  AB 48. 5  C 52 . 0  AB 48 . 8  B 
JAM 49.6  AB 49.3 B 50.  7 AB 48.9  AB 
BUT 48 . 8  B 48.3  C 49 .9  B 47.9  B 
range 2 . 2  2 . 7  2 . 7  3 . 0  
\Hnters 
AUR 53. 1 A 50 .6  B 55 .8  A 52 .9  A 
PEX 52. 2 A 51 .6  A 54. 2  B 50 .8  B 
en: 50. 1 B 49 .3 C 5 1 .6  C 49 .3  C 
TX7 48. 7  B 48 .9 C 49.4  D 47. 7  D 
PEIC 46. 0  C 45 .8  D 47. 2  E 44 .9  E 
range 7. 1 5 . 7  8.6 8 . 0  
Grand mean 50. 0  49. 2  51 . 6  49 . 2  
Table  3 1 . Genera l combi ning abi l i ty for ANT in 1983 , 1984 , 1985 
and 1983 -85 .  
Spri ngs 1983-85 1983 1984 1985 
CNO 57.4 A 53 . 7  B 61 .8  A 57. 0 A 
EE 57. 2 AB 55 .4 A 60 .9  AB 55 .4  AB 
THR 56. 2  BC 53 . 1  BC 60 . 6  AB 55 . 1  AB 
JAM 56. 0  BC 53 .5  B 59. 5  BC 55 .3  AB 
BUT 55 . 0  C 52 . 7  C 58. 5  C 54 . 0  B 
range 2 .4  2 . 7  3 . 3  3 . 0  
\linters 
AUR 59. 1 A 54 .9  B 63 . 7  A 58 .7  A 
PEX 58. 9  A 56 .4 A 63 . 2  A 57.3 B 
CTK 56.4 B 53 .4 C 60 . 1  B 55 . 5  C 
TX7 55 . 2  B 53 .4 C 58 . 5  C 53 .9  0 
PEIC 52.3 C 50.3 D 55 .6  0 5 1 . 0  E 
range 6 .8  6. 1 8 . 0  7. 7 
Grand mean 56 .4 53 . 7  60 . 2  55 . 3  
Wa l l er-Duncan t tests were performed separately  on spr i ngs a nd  wi nters 
( ICRAT I0= 1 00 )  
Letters i n  c annon  are not s igni f i cant ly di fferent . 
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Specific combining ability: 
Specific combining ability (SCA) was measured by 
examining the spring by winter interaction in an analysis 
of variance (Appendix Tables 17A to 32A) . The ratio of 
pooled spring by winter, and spring by winter interaction 
mean squares was also calculated to determine the relative 
importance of GCA and SCA (Tables 32 to 35) . Significant 
year interactions made it difficult to interpret results 
over years (Tables 17A to 20A) . In every year, the pooled 
spring and winter mean square estimations for all traits 
were significant, depicting the importance of general 
combining ability. The GCA/SCA ratio for all traits was 
greater than one suggesting that GCA was a more important 
factor in phenotype expression than SCA. 
Specific combining ability estimations were 
significant for the yield component tr�its, KWT, KER and 
SPIKE in 1983 (Table 33) , and KlOOW in 1984 and 1985 
(Tables 34 and 35) . Yield (GMPL) was not associated with 
significant SCA values. Among the yield component traits, 
KlO OW exhibited the largest GCA/SCA ratio in every year but 
1984 where its ratio was the smallest. Tillering per plant 
(TL) and GMPL were associated with the smallest GCA/SCA 
ratios in all years. 
Among the other agronomic traits, PD, HD and ANT 
in 1983 (Table 33 } and KlOOW in 1985 (Table 35)  had 
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Table  32 . Rat i os of pooled spr i ng and winter mean squares to 
spr i ng  by winter interact i ons (SCA) averaged over 
years, 1983, 1984 and 1985 . 
Source TL ICWT GMPL KER IC1 00W SP I IC  
Pooled SP·WN 3 . 4** 0 .36* 3 1 .9** 135 .4** 1 . 4** 9 • .,.. 
SP*W 0 . 5  0 .05 5 . 0 16 .8  0 . 2** 0 . 9* 
P/SP*W 7.8 7.2 6 .4  8. 1 7. 0 1 0 . 8  
rat io  
Source LLN LW HGT PD HD ANT 
Pooled SP·\IN 7759** 1 1 . 0* 529 . 0** 68.5** 67. 0** 66 . 0** 
SP*W 208 0 . 8  18 .8** 1 .9 3 . 9** 4 . 6  
P/SP*\IN 37 13 .8  28 . 1  36 .0  17 .2  1 4 . 3  
rat io  
Tab le  33 . Rat ios of spr ing and wi nter mean squares to spr ing 
by winter interact i ons (SCA) i n  1983 . 
Source TL ICWT GMPL KER K1 00\J SP I K  
Pool  SP·\JN 3 . 0** 0 . 59** 33 .8** 1 75 .4** 1 . 0** 8 . 4** 
SP*\IN 1 .3 0 . 1 * 1 0 . 0  38.8** 0 . 04 1 .  7'1* 
P/SP*\JN 2 . 3  5 .9 3 .4 4 . 5  25 . 0  4 . 9  
rat i o  
Source LLN LW HGT PD HD ANT 
Pool SP ·\JN 5689** 1 2 . 0** 659.0* 1 05 .4** 44 . 4  ... 45 . 9** 
SP*\IN 329 1 . 5 4 . 5** 4 .4** 4 . 5** 4 .8** 
P/SP*\IN 1 7 . 3  8 . 0  9.9 23 . 7  9.9  9 .6  
rat io  
* s ign i f i cant at the 5 percent level . 
.. s ign i f i cant at  the 1 percent leve l or less . 
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Table  34 . Rat i os of pooled spr ing and winter mean squares to 
spr i ng by winter i nteract ion mean squares ( SCA) 
for 1984 .  
Source TL  k\lT GMPL KER K1 00W SP I IC 
Pool ed  SP ·WN 3 . 2** 0 .66** 47. 1** 237. 0** 1 . 5** 1 5 . 0** 
SP * WN 1 .4 0 . 18 1 5 . 0  55 . 0  0 . 6* 2 . 9  
P/SP*WN 2 .3  3 .7  3 . 1  4 .3  2 . 5  5 . 2  
rat i o  
Source LLN LWO HGT PD HD ANT 
Pooled SP·\JN 8410** 12 .9** 495 .0** 68.3** 102 .8** 96 . 5** 
SP * WN 386 1 .6 23 . 5  4 .7  5 . 1  5 . 4 
P/SP*\JN 22 8. 1 21 .0  14 .5  20 . 1  1 7. 9  
rat i o  
Tab le  35 . Rat i os of pooled spr ing and winter mean squares 
to spr ing by wi nter interact i ons (SCA) for 1985 . 
Source TL 
Pooled SP ·WN 7. 2* 
SP * WN 1 . 3 
P/SP*WN 5 . 5  
rat i o  
Source LLN 
KWT 
0 . 26* 
0 . 03 
1 2 . 0  
LWO 
GMPL 






1 5 . 0 
1 1 . 2 
PD 
K1 00\I SP I K  
2 . 5** 8 .8** 
0 . 13** 0 . 7  
19 .2  1 2 . 7  
HD ANT 
Pool ed  SP ·WN 
SP * WN 
P/SP*WN 
rat i o  
1 0854** 1 3 . 9** 546 .5** 58 .3** 67. 3** 
1 1 1 1 * 2 . 3* 41 .2** 4 . 1 ** 7.4 
67. 3** 
7 . 5  
9 . 0  10  6 .0  13 .3  1 4 .20 9 . 1 
* s igni f i cant at the 5 percent level . 
** s i gn i f i cant at the 1 percent level or less . 
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significant SCA estimations. Specific combining ability 
(SCA) did not have an important role in agronomic trait 
expression in 1984 (Table 34) . Ratios of GCA/SCA varied 
from year to year among these traits. In 1984, a stress 
year, GCA/SCA ratios were consistently larger than in 1983 
and 1985. Leaf length (LLN) GCA/SCA ratios were 
consistently larger than those for LWD. Plant height (HGT) 
and PD had the largest ratios in 1983 and 1985. The 
relative importance of GCA to SCA for HD and ANT were 
similiar in 1983 and 1985 at a ratio of approximately 9 to 
1. In 1984, the importance of GCA was twice as great as 
that found in the other years. 
Heterobeltiosis: 
Unidirectional heterobeltiosis was examined for 
1985 (Table 36) . For several traits, TL, GMPL, SPIK, LLN, 
PD, HD and ANT it was found that either no crosses 
performed better than either parent or they performed 
poorer. Among these traits, GMPL, HD and ANT were 
associated with the largest number of poorest performing 
crosses. Leaf length (LLN), HGT and PD were the only 
traits where hybrid vigor was demonstrated. The characters 
KWT and KlOOW had no crosses that were different than their 
parents. Individual cross performance is provided in 
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Tab le  36. Presentat i on  of crosses displaying s i gni f i cant* 
t.Wtidi rect i ona l  heterobe l t ios i s  in F 1  rec i proca l means 
average over years . 
TL.,. KWT GMPL** KER** K100W SP I K** 
CTK/CNO NONE BUT/PEK PEX/CNO NONE PEX/EE 
CNO/CTK PEK/JAM EE/PEK 
PEK/CNO PEK/CNO PEK/EE 













LLN LWD** HGT PD HD** ANT** 
CNO/AUR PEK/EE CNO/AUR CTK/CNO JAM/PEK JAM/PEK 
AUR/CNO AUR/CNO CNO/CTK PEK/JAM PEK/JAM 
BUT/PEK** CTK/THR BUT/TX7 BUT/TX7 
PEK/BUT** THR/CTK TX7/BUT TX7/BUT 
PEK/EE BUT/CTK PEK/THR PEK/THR 
CTK/BUT PEK/EE PEK/EE 







* S igni f i cant ly better than the h i ghest parent based on a 
Wa l l er- Duncan t test KRAT I0=100 .  
.. S i gni f i cant ly  lower than the lowest parent based on a 
Wa l l er-Duncan t test KRAT I 0= 1 00 .  
Appendix Tables 3 3A to 44A. 
Heritablity values : 
Heritability estimations (Table 3 7) are presented 
based on both the spring and winter components as well as 
their pooled value. All heritability estimates based on 
the winter component were larger than those based on the 
spring type. The widest range in spring versus winter 
estimates occurred in the characters KWT , GMPL , KlO OW and 
LWD while those exhibiting the narrowest range were TL, 
SPIK, LLN , PD , and HGT. With the exception of SPIK at 
0. 9 1 ,  the yield component traits had heritability 
estimates that were lower than the other traits. Yield in 
terms of GMPL had heritability estimates of 0. 26 , ( spring) , 
and 0. 9 1  (winter) . Pooled heritability values were lowest 
for KWT ,  GMPL , KER, and KlOOW,  and highest for LLN , PD, and 
HGT. 
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Tab le  37. Her i tabi l i ty est imates* and standard errors averaged 
over years for 1 2  characters i n  spr i ng by w inter 
wheat crosses . 
h2 spr i ng  h 2  winter h2 pooled 
TL 0 .75 0 .90 0 . 85 
IC\ilT 0 0 .87 o .n 
GMPL 0 . 26 0 .91 0 . 76 
KER 0 .60 0 .81 0 . 73  
IC100W 0 . 45 0 .82 0 . 74 
SP I IC  0 .82 0 .94 0 . 90 
LLN 0 .83 0 .99 0 . 96 
LWD 0 .48 0 .95 0 . 91 
HGT 0 .93 0 .97 0 . 95 
PO 0 .92 0 .93 0 . 93 
HD 0 .68 0 .95 0 . 92 
ANT 0 . 56 0 .94 0 . 90  
* Ana lys i s  based on progeny means . 
DISCUSSION 
From a breeder standpoint, the objective of this 
paper was to examine the use of spring and winter wheat 
cultivars in order to either increase diversity both 
nuclear and cytoplasmic in a breeding program or in the 
case of hybrid wheat to determine whether the direction of 
the cross to heterosis was important. This study examined 
this potential by: 
1. studying the differences between reciprocal Fl crosses 
to determine the role of spring versus winter cytoplasm or 
maternal effects in trait determination. 
2. comparing diversity in the parents to differences in 
reciprocals. 
3 .  quantifying the influence of the spring and winter 
parents in terms of general and specific combining ability. 
4. measuring heterobeltiosis and heritability. 
Environment description for 1983, 1984 and 1985: 
Although this was a greenhouse study where it was 
hoped that the environmental variation from year to year 
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would be minimized, significant year by cross interactions 
were present in all the traits examined. 
The first planting in the spring of 1983 was 
characterized by excellent transplant establishment in the 
presence of early cool temperatures. The plants did not 
appear stressed in any growth stage. The next spring 
planting in 1984 was much different because high early 
temperatures (soil temperature 20 ° c) appeared to stress 
the plants and caused elongation to occur before adequate 
tillering. Both early and late cultivars were affected. In 
1985, plants from the vernalization chamber appeared 
stressed prior to planting. Through good management and 
optimal environmental conditions, plants recovered - two 
weeks after planting. Environmental conditions were very 
similiar to those in 1983. 
Parental information: 
Winter parents were chosen for their diversity in 
ancestory while the spring parents with the exception of 
CNO and THR were chosen for their adaptiveness to the South 
Dakota environment. This was important in order to provide 
a wide genetic base for subsequent analysis. Although the 
examination of the parents in 1985 revealed that 
significant differences among them were not prevalent 
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especially in tillers per plant (TL) , grams per plant 
(GMPL) , spikelets per head (SPIK) , plant height (HGT) and 
peduncle length (PD) , highly significant differences in the 
crosses occurred in the analysis of variance. This was 
felt to provide a better estimate of genetic variability 
present because parental data was only collected in one 
year. Larger ranges present for all traits within the 
parental winter group versus the spring group in 1985 
substantiated the claim of greater winter than spring 
parental diversity. 
Reciprocal evaluation : 
Differences in reciprocal crosses has been known 
to occur in many plant species including wheat, barley, 
oats and corn (Aksel 1977, Necas 1966, Muehlbauer et al. 
1971, Bhatt and Dhawan 1970) . In this study, GMPL (Table 
80 
4) was found to be significantly greater when the spring 
wheat cultivars were used as the females (11. 84 grams) 
versus when the winters served as females (11 . 58 grams) . 
This 0. 26 gram difference per plant when expressed in grams 
gained per acre is quite large and would be worth breeder 
consideration. Although it was not the intent of this study 
to determine the cause of this reciprocal difference, one 
can speculate. Since the difference in the reciprocals was 
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not cross specific but averaged over the paired crosses, 
the influence may be due to a single broad based factor, 
such as cytoplasm. This is supported by the fact that the 
spring cultivars involved in this study were not as diverse 
as the winters. In fact the amount of genetic diversity in 
todays commercially grown North American spring wheat is 
small (Grant and McKenzie 1970) . Maternal effects cannot be 
ruled out. They have not usually been associated with 
grain yield but with traits such as kernel size and weight , 
and seed composition (Eagles 1982, Thompson et al. 1979, 
Poneleit et al. 1983, Mosjidis and Yermanos 1984) . 
Muehlbauer et al. (1971) theorized that in oats the 
cytoplasm may play a role in vernalization. Since all 
crosses were vernalized, an interaction may have occurred 
between the spring and winter cytoplasm and vernalization 
because spring cytoplasm may be more sensitive to 
vernalization. 
Most of the reciprocal differences found in this 
study were not of the above nature but were cross specific . 
For example GMPL, in the cross, JAM/AUR, was associated 
with significant reciprocal differences over years ( Table 
4) No other crosses involving AUR or JAM produced 
significantly different reciprocals for the trait, GMPL. In 
examining TL and KWT, both co�ponents of GMPL (Table 4), TL 
not KWT was associated with significant reciprocal effects 
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in the JAM/AUR cross. Another example is HD which in an 
analysis of variance showed signficant cross by reciprocal 
effects (Table 3 ) . Four crosses were associated with 
highly significant differences in reciprocals in the over 
year analysis yet all crosses were associated with 
different parents (Table 16) . These differences were stable 
for the four crosses in all three years. 
Cross specificity in reciprocal crosses has been 
found to occur by other whea·t researchers, (McNeal et al. 
1968, El-Haddad 1974, Bhatt and McMaster 1976, Aksel 
1977) . Most recently, Stein (1984) in his examination of 
winter by winter and spring by winter Fl hybrids found 
cross specific reciprocal differences for numerous 
agronomic traits, including tillering per plant, days to 
heading and anthesis, and yield. 
Stein (1984) also noted that many of these 
differences were environmentally sensitive because 
greenhouse performance did not always correlate with field 
performance. This environmental sensitivity was confirmed 
in this study by the instabilty of many reciprocal 
differences from year to year. Examples from the 
individual year analysis include the cross THR/AUR for the 
trait GMPL which had a significant reciprocal difference in 
1983 with THR as a female causing a significant reduction 
in GMPL (Table 7) . In 1985 the reverse occurred with THR 
as the female having a significant positive influence on 
the cross. Other numerous examples exist in the analyses 
but the point to be made is, are we looking at actual 
differences or chance happenings? The over year 
comparisons with their lack of significant year by 
reciprocal interactions were better estimators of 
differences. 
Relationships of parents to differences in reciprocals: 
There were not any clear relationships between the 
extent of parental differences and significant differences 
between reciprocals. If reciprocal differences were 
correlated with differences in parents, then one would 
expect to find more differences in reciprocals in those 
traits where the parents varied the most. Kernel weight 
per spike (KWT) and 100 kernel weight (K100W) spring and 
winter parental means were significantly different from 
each other (Table 1) yet they were not associated with any 
more differences in reciprocals than in the character SPIK 
where the spring and winter parents were similiar in mean 
and range. Another example was found in the trait KER 
where PEX had significantly larger KER values than four of 
the spring parents yet it was not found to occur as a 
parent in any of the crosses exhibiting reciprocal 
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differences (Table 8) . This is supported by stein (19 84) in 
wheat and Muehlbauer et al. (19 71) in oats. Stein (1984) 
though did suggest that there may be a positive association 
between the number of spring by winter crosses and the 
amount of reciprocal differences occurring. In his study 
more reciprocal differences were encountered in spring by 
winter crosses than in conventional winter by winter 
crosses. Perhaps then if the two groups of parents were 
more diverse in origin and character expression a 
correlation between the extent of the differences between 
the parents and reciprocal differences might exist. 
relationship may be suggested in this study in the traits 
HD and ANT, because the two parental groups were most 
distinct in these characters and they were the only two 
traits to have significant cross by reciprocal interactions 
detected in the analysis of variance over years. Only three 
crosses for HD and two crosses for ANT in the 19 85 
analysis though were found to have significant reciprocal 
differences (Tables 18 and 19) . 
General combining ability 
The purpose of examining GCA was to estimate its 
importance in determining cross performance. In a 
breeding program, feasible methods to help in the choice of 
parents to be used in a crossing regime are very important 
to the plant breeder. Many wheat researchers have found 
that general combining ability (GCA) on an individual 
cultivar basis has been a good predictor of cross 
performance (Kronstad and Foote 1964, Peterson et al. 1969, 
Gyawali et al. 1968, Petpisit 1980) . The importance of 
general combining ability in trait determination in this 
study was shown by the significant GCA estimates observed 
for all traits. 
Direct comparison between the winter and spring GCA 
estimations was difficult to access because each parental 
group was not crossed on to a common tester. Furthermore, 
significant year interactions prevented over year 
interpretation for many traits. This was in part due to 
early high stress conditions in 1984 where the ranges in 
GCA values within the springs and winters for the yield 
component traits and HGT were reversed. This phenomena was 
demonstrated by the examination of GCA estimations for KER 
in 1984 (Table 23) where the range within the springs in 
1984 was 13. 07 and in the winters, 6. 43 but in the other 
years the winter range was greater than the springs. 
Winter wheat expression for the yield component traits 
appeared to be suppressed especially in the later maturing 
cultivars. This compression was best seen in total kernel 
weight per spike (KWT) where in 1983 and 198 5, AUR was 
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significantly better in GCA than the other winter wheats 
but in 1984 it was only significantly better than the 
poorest winter parent, TX7 (Table 21) . 
Comparison of ranges in GCA between the spring and 
winter parents was one means of comparing their influence 
on trait expression (Tables 20 to 30) . Another was 
comparing winter and spring mean squares in an analysis of 
variance (Tables 17A to 32A) . Disregarding 1984 for the 
yield component traits and HGT, it was observed that the 
winter wheat cultivars as parents were more influential 
than the spring cultivars in determining performance. This 
may have been due to greater winter than spring diversity 
in the parents. From a breeder standpoint, with yield 
being the most important trait, it was important to observe 
that GCA for GMPL was twice as wide in range in 1983 and 
1985 among the winters than among the springs (Table 22) 
and that the range among the winter parents in yield per 
plant (GMPL) (Table 1) was also greater than the spring 
parents. This relationship was true for most of the yield 
component traits which suggested that careful choice of 
winter parents in a spring by wi�ter breeding scheme appear 
to be important in eventual cross outcome. Those parents 
with the best GCA yield estimations may produce the best 
yielding crosses. This statement can be expanded to 
include most agronomic traits because similiar findings 
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among agronomic traits such as HD and ANT were found to 
occur. In 1983 and 1985 the greater winter than spring 
mean squares, among the yield component traits 
substantiated the claim of greater winter parent 
importance. The range in GCA though, can not be 
disassociated from parental diversity and it is difficult 
to make generalizations about the effect of winter parents 
in a spring wheat program when this study examined only 
five winter parents. An important question that needs to 
be asked is, do winter parents possess a greater range in 
yield component and agronomic traits than spring wheat 
parents ? I do not believe that they do. The advantages 
in using winter parents in a spring breeding program are 
first that they may introduce new genes into the program 
not available in spring wheat cultivars like disease 
resistance and second they may produce when crossed to 
spring cultivars unique gene combinations. This would 
include possible spring by winter heterotic effects. 
Specific combining ability: 
The importance of GCA versus SCA was supported by 
ratios of GCA to SCA being greater than one for all traits 
in all years. Because KlOOW had one of the greatest GCA to 
SCA ratios among the yield component traits, is suggested 
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that KlOOW might respond to selection more rapidly than 
GMPL. Path coefficient analysis would have been useful to 
provide information on correlations between the yield 
components and GMPL. 
Significant SCA effects among the yield component 
traits, KER, KW, KlOOW and SPIK varied from year to year 
Tables 32 to 35) . This indicated that the non additive 
variance influencing these traits might be environmentally 
sensitive. The presence of significant GCA and SCA effects 
for all yield component traits except in the case of GMPL 
where SCA was not important is in agreement with Bhatt 
(1971) who found grain yield to be inflenced significantly 
by additive gene action only and yield component traits to 
be influenced by both. 
All other agronomic traits were associated with 
significant pooled spring and winter mean squares (GCA) and 
significant spring by winter interactions (SCA) but unlike 
significant GCA values these significant SCA estimations 
were not stable and appeared to be environmentally 
sensitive. Muehlbauer et al. (1971) in his examinination 
of spring by winter oat crosses found significant additive 
genetic variance for maturity, and plant height but also 
significant specific effects for height and tillering. 
8 8  
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Heterobeltiosis evaluation: 
Unlike Grant and McKenzie (1970) and others (Aksel 
1977) who found high levels of heterosis in yield in spring 
by winter wheat crosses, no cross was found to out perform 
the best parent for GMPL (Table 36) • In fact, 16 crosses 
out of 25 were significantly worse than the worse parent. 
All negative relationships were also found in the traits 
TL, SPIK, HD, ANT, and LWD. 
Because of the association of dominance and other 
non additive gene action with heterobeltiosis, one would 
expect there to be an association between SCA and 
heterobeltiosis. But this assumption was not always true 
in this study. Significant spring by winter interactions 
were not found to occur for GMPL, yet this trait was 
associated with the largest number of crosses exhibiting 
negative heterobeltiosis. One hundred kernel weight 
(KlOOW) was influenced by a significant spring by winter 
effect but heterobeltiosis did not occur in any crosses 
involving KlOOW. An association between heterobeltious and 
SCA effects did occur for HD and ANT. 
Because this evaluation was based on only one year 
of data, no strong conclusions could be drawn. It was also 
possible that vernalization may have played a role in 
causing the depression in these traits. All the winter 
parents and crosses were vernalized for approximately 7 
weeks while the spring wheats were vernalized for only one 
week. Subjecting the spring by winter crosses to such a 
treatment when only half of their nucleus was winter may 
have caused stress not found in the winter parents. In 
addition, not having the spring parents experience a 
similiar stress might have added to the poor cross 
performance when compared to the winter and spring parent 
performance. The traits PD, LLN, and HGT might have been 
less sensitive to this "stress" since they were associated 
with crosses that outperformed their parents. 
Heritability estimations: 
The greater heritability estimations among the 
winter cultivars were expected once GCA analyses were 
completed. overall high heritability estimations might 
have been in part due to the averaging of progeny means 
which resulted in lower than normal estimations of error 
variance. Estimations were also based on the averaging of 
reciprocals even in the presence of significant reciprocal 
effects for GMPL, HD and ANT as well as significant year 
interactions for all traits because it was felt that data 
within individual years was not sufficient to provide 
reliable estimates. 
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In this analysis it was found that yield and yield 
component traits were generally lower in h2 estimations 
than HD, ANT and HGT (Table 37). This is in agreement with 
other researchers (Bhatt 1972 , Anwar and Chowdhry 19 69 and 
Johnson et al. 19 66). Spikelets per spike (SPIK) , a yield 
component character, was an exception to these findings 
because it had a large h2 estimate of 0. 9 1  (pooled) which 
was similiar to the traits, LLN, LWD, HD , ANT , PD , and HGT . 
This is not supported in the literature. Because of the 
larger heritability associated with SPIK than with GMPL it 
might be possible to make larger advances in GMPL by 
selecting for SPIK. This could only occur if their was a 
strong relationship between GMPL and SPIK but this was not 
examined in this study. Other researchers (Fonseca and 
Patterson 19 66, Sidwell et al. 1976) have found that 
individual kernel weight was the best indicator of grain 
yield. This was not supported in this study. Gains in 
selection would be expected to occur most rapidly in the 
traits, LLN, LWD, HD , ANT , PD,  HGT , and SPIK. It must be 
mentioned that estimates and interpretations of heritablity 
values are valid for these parents and environments only . 
SUMMARY AND CONCLUSIONS 
The objectives of this study were to evaluate 
spring by winter crosses so as to provide information on 
differences in reciprocal crosses, to evaluate the type 
and amount of gene action and to determine the contribution 
of the spring and winter parents to performance. 
Five spring wheat cultivars (BUT, JAM, EE, CNO, 
THR) and winter wheat cultivars (AUR, PEX, CTK, PEK, TX7) 
were used in this study. The winter cultivars were chosen 
for their diverse origin and the springs, with the 
exceptions of THR and CNO for their relative adaptiveness 
to the area. Twelve traits were evaluated, they included: 
1) tillers per plant (TL) , 2) kernel weight (KWT) , 
3)  kernel weight per plant (GMPL) , 4) kernel number per 
head (KER) , 5) one hundred kernel weight (KlOOW) , 
6) spikelets per spike (SPIK) , 7) flag leaf length (LLN) , 
8) flag leaf width (LWD) 9) plant height (HGT) , 
10) peduncle length {PD) , 11) days to heading (HD) , and 
12) days to anthesis (ANT) . 
This was a greenhouse experiment conducted in the 
Spring of 1983, 1984 and 1985. Spring and winter parents 
were crossed in all possible reciprocal combinations 
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resulting in 50 total spring by winter crosses. Vernalized 
crosses were paired with their respective reciprocals and 
transplants randomized in each of three replications. 
Analysis of variance, LSMEANS, and Duncan Waller t tests 
were performed to evaluate differences in reciprocal 
crosses and to estimate general combining ability. 
Completion of this study led to the following 
conclusions: 
1. Differences in reciprocals were found to occur in the 
trait GMPL. When a spring parent was used as the female, 
GMPL was significantly larger than when a winter parent was 
the female. This phenomena was significant over years but 
not significant within any one year though the trend was in 
the same direction. 
2. Reciprocal differences were found to occur in all 
traits and several different crosses but they appeared to 
be cross specific. The extent to which the parents 
differed in particular traits was not related to the number 
of reciprocal differences observed. 
3.  Some reciprocal differences were environmentally 
sensitive. 
4. The winter parents were associated with the largest 
range in general combining abilities (GCA) for the majority 
of the traits in 1983 and 1985. The year 1984, was 
9 3  
characterized as an early stress year and resulted in a 
compression of winter wheat GCA values and an expansion is 
spring wheat GCA values. 
5. The winter parents had a more profound affect on 
character performance than the spring parents. This was 
exhibited by the larger winter versus spring mean squares 
and larger range in winter versus spring general combining 
abilities for all traits in 1983 and 1985. Greater 
diversity among the winter versus spring parents may have 
contributed to this observation. 
6. Additive genetic variance as measured by the ratio of 
pooled spring and winter mean squares to spring by winter 
mean square interactions was the major source of genetic 
variability in character performance. 
7. Specific combining ability although significant for 
some traits was not stable from year to year 
indicating environmental sensitivity. 
8. Crosses involving the later maturing cultivars 
generally performed the best. This would be expected to 
occur under ideal greenhouse conditions. 
9. Heritablity estimations were generally high. Yield 
component traits with the exception of SPIK were lower in 
h2 than the other traits. 
10. Specific combining ability and heterobeltiosis were 
not associated with one another. 
9 4 
11. Crosses were either significantly worse than the 
lowest parent or not significantly different from either 
parent for the yield component traits. 
To a plant breeder, winter wheat cultivars 
introduced into a spring wheat breeding program may help 
increase genetic diversity as well play an important role 
in cross determination. For these reasons care should be 
taken in their selection as parents. 
The direction of the cross may also be an important 
consideration in a breeding program. It may be especially 
important to the breeder whose ultimate goal is the 
production of Fl hybrids because not only the cytoplasm but 
maternal effects may influence trait expression. Numerous 
theories exist as discussed in the literature review to 
explain these differences. Until plant genetics and the 
processes they control become more understood at the 
molecular level, most of these differences will go 
unexplained. This is summarized well by Durants (1965) 
statement, "there is no one universally recognized 
mechanism that would be considered accountable for 
character-expression differences between reciprocal 
crosses". 
9 5  
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Table lA. Parent pedigree and description. 
Winter cultivars 
1. AURORA (AUR) is a Russian winter wheat. It is stiff 
strawed, medium-late, and mid-tall. Among the 
breeders it is known as a good combiner with good 
yield and head spike fertility. 
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2. Probstdorfer extrem / Tobari 66 (PEX)  is an 
experimental line form the International Winter x 
Spring Program located at Oregon State University. It 
is normal in height, medium maturing, awned and has 
good yield potential. 
3. Peking 16 / Lovrin 13 // Jingeswong 3 (PEK) is an 
experimental line from China. It is awned, very early 
maturing and semi-dwarf with fair yield potential. 
4. Centurk 78 (CTK) is a reselection out of Centurk 
jointly released from Nebraska and Colorado in 19 71. 
Its pedigree is Kenya 58 / 2 / New Thatch / 3 / Hope / 
2xTurkey / 4 / Cheyenne / 5 / Parker. Centurk 78 is 
medium in maturity and medium-tall in height, with 
good straw strength and winter hardiness. 
5. · TX71A407-6 (TX7) an experimental line from Texas A & 
M, is a selection from the cross Palo Duro / Centurk. 
Agronomically, it is an awned, early maturing 




1. Butte (BUT) was released in 1977 form the North Dakota 
Aricultural Experiment Station. The pedigree for 
Butte involves the parents Polk , Wisconsin 261, and 
ND480 in a three way cross. It is medium in height, 
early in maturity , awned , and known to have excellent 
yield potential under dryland conditions. 
2. James (JAM) having the pedigree Olaf / NDSlO, was 
released by the South Dakota Agricultural Experiment 
Station in 1979. It is similiar to Butte agronom­
ically but with a slight advantage in protein content. 
3. Eureka (EE) , derived from the cross Era / 3 / Corre 
Camino / / Ciano 67 / Sonora64 , was released from the 
South Dakota Agricultural Experiment Station in 197 8. 
It is awnless, medium-tall, medium in maturity and 
quality. 
4. Ciano 7 (CNO) is a high yielding semi-dwarf developed 
by CIMMYT. The pedigree is Bky / Maya ' s ' / 4 / BB // 
HD832. 5. 5 / ON /  3 / CNO / PJ. It is awned , medium­
late in maturity and has good spike fertility. 
s .  Thrush ' S ' (THR) is a selection from the cross BJY / 
GJO / 4 / Mai / 3 / BB // Tob / CNO. It was developed 
by CIMMYT and is known to have good yield potential. 
It is early in maturity , awned, similiar in height to 
Ciano 79 and is fair in yield potential. 
Table 2A . Ana lys i s  of var iance over years for var i ables TL and K\IT . 
TL K\IT 
Source D F  ss F Pr F ss F Pr F 
Year 2 1 27 210  LT  .01  20 261 LT . 01 
Cross 24 71 .4 3 .8 LT  . 01 7. 1 2 . 4  L T  . 01 
Rec i p  1 0 . 1  0 .6 0. 54 0 . 03 1 . 0 0 .42 
Cross*Rec i p  24 6.4 0 .9 0.63 0 . 9  1 . 0 0 .55 
Year*Cross 48 37.5 2 .6  LT  .01 5 .98 3 . 2  L T  . 01 
Year*Rec i p  2 0 . 4  0 . 7  0 .52 0 . 1  0 . 8  0 .44 
CV 1 0 . 76 8 . 5 1  
RMSE , D F  0 . 55 , 48 0 . 20 , 48 
R2 0 .94 0 . 95 
Ana lys i s  of var i ance over years for var i ables GMPL and KER .  
GMPL KER 
Source O F  ss F Pr F ss F Pr F 
Year 2 414 53 LT . 01 4839 23 1 LT . 01 
Cross 24 679. 5  3 .3 LT . 01 2685 3 . 2  L T  . 01 
Rec i p  2 .6  4 . 5  0 .02 6 .8  1 .6 0 .33 
Cross*Rec i p  24 65 .2  0 .7  0 .83 254 . 1 1 . 0 0 . 47 
Year*Cross 48 4 10 .4  2 . 2  L T  . 0 1  1702 3 . 4  L T  . 01 
Year*Rec i p  2 0 . 1 1  0 . 01 0.98 8 . 5  0 . 4  0 .67 
CV 16 .93 6 . 85 
RMSE , O F  1 . 98, 48 3 . 23 , 48 
R2 0 .89 0 . 95 
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Tab le  3A . Ana lys i s  -of var i ance over years for var i abl es K100W and SP I K. 
K100\I SP I K  
Source DF  ss F Pr F ss F Pr  F 
Year 2 20 56 LT . 01 1484 536 LT . 0 1  
Cross 24 27 7.4 LT . 01 532 7 .5  LT .0 1  
Recip 1 0 0 . 2  0 . 70 0 .6  1 . 1  0 .41  
Cross*Reci p  24 1 . 2 1 . 2 0 . 28 16 . 5  0 . 7  0 .81 
Year*Cross 48 7.4 3 .7  L T  . 0 1  142 .3  2 . 1  L T  . 0 1  
Year*Reci p  2 0 . 1  1 . 1  0 .34 1 . 1  0 . 4  0 . 67 
CV 4. 19 7.48 
RMSE,DF  0 . 20 ,48 1 . 18 ,48 
R2 0 . 95  0 . 85 
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Table 4a . Ana lys i s  of var iance over years for var i ables LLN 
and LW . 
LLN LW 
Source OF ss F Pr F ss F 
Year 2 6997 22 .7  LT  . 0 1  329 1 21 
Cross 24 1 30714 1 3 .7  L T  . 0 1  600 6.8  
Reci p  0 . 8  0 . 1 0 .79 0 . 3  0 . 7  
Cross*Recip  24 23n 0 .6  0 .88 30 .4 1 . 2 
Year*Cross 48 1 9075 2.6  LT .01  1 76 2 . 7  
Year*Recip  2 1 7  0 . 1 0 .95 1 . 0 0 . 4  
CV 3 . 94 6 .38 
Pr F 
LT . 0 1  
LT . 01 
0 .49 
0 . 27 
LT .0 1  
0 . 70 
RMSE , D F  1 2 .41 , 48 1 . 1 7, 48 
R2 0 .96 0 . 76 
Ana lys i s  of var i ance over years for var i abl es ,  HGT and PD . 
HGT PD 
Source OF  ss F Pr F ss F Pr F 
Year 2 5000 650 LT .01  1 54 1 0 1  L T  . 0 1  
Cross 24 9068 18 LT .01  1 1 52 1 0 .4 LT .0 1  
Rec ip  1 1 . 5 2 . 0  0 . 29 0 . 4  0 . 3  0 .64 
Cross*Rec ip 24 95 .8  1 . 0 0 .44 26. 5  1 . 5 0 . 14 
Year*Cross 48 1 008 5 . 5  LT .01  223 6 . 1  LT . 0 1  
Year*Rec ip  2 1 1 . 3 1 . 5 0 .25 2 .9  1 .9 0 . 1 7  
CV 2 .06 3 . 02 
RMSE , D F  1 . 96 ,48 0 .87 ,48 
R2 0.99 0 . 98 
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Table  SA . Ana lys i s  of var i ance for var i ables TL and K\lT i n  1 983 . 
TL K\IT 
Source DF ss F Pr F ss F Pr  F 
Rep 2 31 . 2  30 LT . 01 3 . 6  35 . 6  L T  . 0 1  
Cross 24 88.8 2.3 LT .0 1  1 2 .9  5 .3 LT .0 1  
Rec ; p  1 0 0 0 .93 0 . 1  0 . 2  0 . 73  
Cross*Rec i p  24 1 1 .4 0 .9  0 .60 1 . 7 1 .4 0 . 16 
Rep*Cross 48 78. 7  3. 1 LT . 01 4 .9  2 .0  LT . 0 1  
Rep*Rec i p  2 1 . 1 1 . 0 0 .36 0 . 2  1 . 8 0 . 1 7  
CV 16 .66 7.99 
RMSE 0 . 73  0 . 23 
R2 0 .89 0 .91 
Analys i s  of var i ance for var i ables GMPL and KER in 1983 . 
GMPL KER 
Source O F  ss F Pr F ss F Pr F 
Rep 2 385 26 LT . 01 1 1 20 34 . 3  LT . 01 
Cross 24 8n 2 . 0  LT . 01 4 109 5 . 5  L T  .0 1  
Rec i p  1 0 .06 0 . 01 0 .95 3 . 1 0 .3  0 . 67 
Cross*Rec i p  24 1 65 0 .9  0 . 56 476 1 . 2 0 . 28 
Rep*Cross 48 866 2 . 5  L T  . 01 1487 1 .9 0 . 01 
Rep*Rec ip  2 19 .4  1 .3 0 . 27 25 .3  0 . 8  0 . 47 
CV 21 .88 7 .35 
RMSE 2 . 70 4 . 04 
R2 0 .87 0 . 90 
1 1 1  
Table  6A.  Ana lys i s  of  variance for variables K1 00W and SP I K  i n  1983 . 
IC1 00W SP I K  
Source DF  ss F Pr F ss F Pr  F 
Rep 2 1 . o  1 1 . 4 LT .01 23 . 2  23 . 7  L T  . 01 
Cross 24 16 .6  8 . 2  LT  . 01 184 8.8 LT . 01 
Rec i p  1 0 0 . 2  0 .72 0 . 04 0 . 3  0 .63 
Cross*Rec i p  24 1 . 2  1 . 1  0 . 34 8.4  0 . 7  0 .81 
Rep*Cross 48 4 . 0  1 .9 0 . 01 42. 1  1 . 8 0 .02 
Rep*Rec ip 2 0 . 1  1 .3 0 . 28 0 .3  0 . 3  0 . 76 
CV 4 .06 3 . 83 
RMSE 0 .2 1  0 . 70 
R2 0 .92 0 . 92 
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Tab le  7A. Ana lys i s  of var i ance for var iables LLN and LIJO i n  1983 . 
LLN LWD 
Source OF ss F Pr F ss F Pr F 
Rep 2 8249 16 .4  LT . 01 28 . 1  20 . 9  LT . 0 1  
Cross 24 99597 9 .4  LT . 01 230 5 . 2  L T  .0 1  
Rec ip  69 0 . 4  0 . 88  0 . 02 0 . 03 0 .88 
Cross*Reci p  24 14585 2.4  LT . 01 29.8 1 . 9 0 . 04 
Rep*Cross 48 2 1 1 29 1 .8 0 . 03 88.3 2 . 7  L T  . 0 1  
Rep*Reci p  2 318  0 .6  0 . 54 1 . 0 0 . 7  0 . 49 
CV 5 . 07 4 . 21  
RMSE 1 5 . 88 0 . 82 
R2 0 . 93 0 . 93 
Ana l ys i s  of var i ance for var iables HGT and PO i n  1 983 . 
HGT PD 
Source DF  ss F Pr F ss F Pr F 
Rep 2 273 13 .7  L T  . 01 2 .6  0 .6  0 . 53 
Cross 24 1 1 741  80 LT . 01 1816 20 . 7  L T  . 0 1  
Rec ip  2.4  0.4 0 . 53 0 . 2  0 . 1 0 . 77 
Cross*Recip 24 21 0 . 6  1 . 4 0 . 1 5  50 .9  1 . 1 0 .43 
Cross*Rep 48 1942 6.6 LT . 01 1 75 .9 1 . 8 0 . 02 
Rec ip*Rep 2 1 3 .6  1 .  1 0 .33 3 .9  1 . 0 0 . 39 
CV 2 .43 4 .91 
RMSE 2 .48 1 . 42 
R2 0 . 98 0 . 96 
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Table  SA.  Ana lys i s  of  var i ance for variables HD  and ANT in  1983 . 
HD ANT 
Source DF  ss F Pr F ss F 
Rep 2 1 54 99.4 LT .0 1  192 4 1  
Cross 24 870 . 8  21 .8 LT . 01 905 16 .6  
Rec ip  0 . 01 0 .02 0 .89 0 . 2  0 . 1  
Cross*Rec ip  24 36.9 2 .0 0 . 02 33 .9 1 . 5 
Rep*Cross 48 79.9 2 . 1  L T  .01  1 08 2 . 5  
Rep*Rec ip  2 1 . 0 0 .6 0 . 54 3 . 5  1 .9 
CV 1 . 79 1 .  78 
RMSE 0.89 0 .96 
R2 0 .97 0 .97 
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Pr F 
LT .0 1  
LT  . 0 1  
0 . 76 
0 . 1 0  
L T  . 0 1  
0 . 16 
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Tab le  9A . Analys i s  of var i ance for vari ab les TL and K\IT i n  1984.  
T L  IGlT 
Source DF  ss F Pr F ss F Pr F 
Rep 2 1 1 .8 7. 2 LT .0 1  0 .6  2 . 4  0 . 1 0 
Cross 24 91 .3  2 .9  LT . 0 1  1 6 .7  2 . 0  0 . 03 
Rec ip  1 0 . 1  0 .4  0 . 59 0 .3  8 .7  0 . 1 0  
Cross*Recip 24 22 .4  1 . 1 0 .35 4 . 5  1 . 6  0 . 1 0  
Rep*Cross 48 63 . 0  1 .6 0 . 05 1 7. 1  2 .8 LT . 01 
Rep*Rec i p  2 0 . 5  0 . 3  0 .75 0 . 0  0 . 2 o .  79 
CV 19 .82 1 7. 54 
RMSE ,DF  0 .91 ,48 0 . 35 ,48 
R2 0 .83 0 . 87 
Ana lys i s  of var i ance for var i ables GMPL and KER i n  1984.  
GMPL KER 
Source OF  ss F Pr F ss F Pr F 
Rep 2 1 03 9. 5 LT . 01 338 3 . 7  0 . 03 
Cross 24 1 207 2 . 7  LT . 01 5681 3 .4  LT . 0 1  
Rec i p  2 . 7  3 . 4  0 .2 1  23 1 .4 0 .36 
Cross*Rec i p  24 293 2 . 2  L T  . 01 957 0 .9  0 .64 
Rep*Cross 48 907 3 . 5  LT . 01 3356 1 . 5 0 . 08 
Rep*Rec ip  2 1 . 6 0 . 2  0 . 86  33 0 . 4  0 . 71 
CV 24 .33 1 6 . 26 
RMSE ,DF  2 .34 , 48 6 . 78 , 48 




Tab le  1 0A .  Ana lys i s  of  var i ance for var i ab les K1 00W and SP I K  i n  1984.  
IC1 00W SP I K  
Source O F  ss F Pr F ss F Pr F 
Rep 2 0 .4  1 .  1 0 .34 24 . 5  9 . 0  L T  . 01 
Cross 24 40. 9  2 . 8  L T  .0 1  333 .0  3 .6  LT  . 01 
Reci p  0 . 6  6 . 2  0 . 13  2 .0  1 . 6 0 . 33 
Cross*Rec i p  24 8.3 1 .9 0 .03 30 . 2  0 . 9  0 . 58 
Rep*Cross 48 29.6  3 . 4  L T  . 0 1  187 2 .8  LT  . 01 
Rep*Rec ip  2 0 . 2  0 . 5  0 .62 2 .4  0 .9  0 .42 
CV 8.81  8 . 29 
RMSE , O F  0 . 43 , 48 1 . 1 7, 48 




Tab le  1 1A .  Ana lys i s  of  var iance for var i ables L LN  and LW i n  1984 .  
LLN L\.lD 
Source DF ss F Pr F ss F Pr  F 
Rep 2 202 .5  0 .4  0 .67 0 . 7  0 . 3  o .n  
Cross 24 1 47439 9.6  LT . 01 260 7 .7  LT  . 01 
Rec ip  4 1 . 7  0 . 2  0 . 74 0 . 00 0 . 06 0 . 83 
Cross*Rec i p  24 5616 .6  0 .9  0 . 55 22 . 6  0 . 8  o .n 
Rep*Cross 48 30678 2 .6  LT . 01 67.9  1 . 1 0 . 33 
Rep*Reci p  2 569 1 . 1 0 .32 0 .3  o .  1 0 .88 
CV 5 . 1 1  6 .43 
RMSE , D F  1 s . n,48 1 . 1 2 , 48 
R2 0 .94 0 . 85 
Ana lys i s  of var i ance for vari ables HGT and PO i n  1984 .  
HGT PD 
Source O F  ss F Pr F ss F Pr  F 
Rep 2 66.7  2 .3  0 . 1 1  25 . 4  4 . 2  0 . 02 
Cross 24 8609 8.6  LT  . 01 1 218  5 . 3 LT . 0 1  
Rec i p  1 .9 1 . 3 0 . 38 0 .02 0 . 0  0 . 97 
Cross*Rec i p  24 283 . 5  0 . 8  0 . 72 91 . 5  1 . 3 0 . 25 
Cross*Rep 48 201 1 2 .9  LT  .0 1  461 3 . 2  L T  . 01 
Rec i p*Rep 2 3 . 1 0. 1 0 . 90 22 . 7  3 . 7  0 . 03 
CV 4.36 6 .33 
RMSE , D F  3.83 ,48 1 .  75 , 48 
R2 0.94 0 .93 
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Tabl e  1 2A .  Analys i s  o f  var i ance for vari ables H D  and ANT i n  1 984.  
HD ANT 
Source DF  ss F Pr F ss F Pr  F 
Rep 2 276 46.4 LT .01  199 41 . 2  LT . 01 
Cross 24 1 798 7.4 LT .01  1 712  7 . 5  LT  . 01 
Rec i p  6 . 8  5 .3 0 . 1 5  0. 1 o .o 0 .87 
Cross*Rec i p  24 95 .6 1 .3 0 . 19 n.9 1 .3 0 . 25 
Rep*Cross 48 486.2  3 . 4  L T  . 0 1  454 3 .9 LT . 01 
Rep*Rec i p  2 2 .6  0 .4 0 .65 6 .4  1 .3 0 . 28 
CV 3 .33 2 . 58 
RMSE ,48 1 .n.,a 1 . 56 ,48 
R2 0 .95 0 . 95 
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Table 1 3A .  Ana lys i s  of var i ance for var iab les TL and K\JT i n  1 985 . 
TL K\olT 
Source O F  ss F Pr F ss F Pr F 
Rep 2 20 1 216 LT .01  5 . 0  46 LT . 01 
Cross 24 145 .4  1 . 8 LT .0 1  8 .9 2 .9 LT . 01 
Reci p  1 0 .9  0 . 5  0 .66 0 .0  0 . 0  0 . 91 
Cross*Rec i p  24 24 . 4  2 . 2  0 . 1 2  1 .6 1 . 2 0 .30 
Rep*Cross 48 1 59 7 . 1  LT .0 1  6 . 1 2 . 4  L T  . 01 
Rep*Rec i p  2 3 .6  3 .9  0 . 06 0 . 1  0 .9  0 .43 
CV 1 0 .n 1 1 . 26 
RMSE 0 .68 0 . 23 
R2 0 .96 0 . 90 
Ana lys i s  of var i ance for var iables GMPL and KER i n  1 985 . 
GMPL KER 
Source DF  ss F Pr F ss F Pr F 
Rep 2 1376 102 LT .01  201 216 LT .01  
Cross 24 1 1 24 2 .6  LT  . 01 145 . 4  1 .8 0 . 04 
Rec i p  1 5 . 3  0 . 3  0 .66 0 .9  0 . 5  0 . 56 
Cross*Rec i p  24 240 .5  1 . 5 0 . 12  24 . 4  2 . 2  0 . 0 1  
Rep*Cross 48 874 2 . 7  L T  . 01 1 59 7. 1 LT . 0 1  
Rep*Rec i p  2 40 .5  3 .0  0 .06 3 . 6  3 . 9  0 . 03 
CV 19.47 1 0 . n  
RMSE 2 .60 0 . 68  
R2 0 .92 0 . 96 
Tab le  14A.  Ana lys i s  of  var iance for var i ab les K1 00W and SP I K  i n  1985 . 
K 100\I SP I K  
Source OF ss F Pr F ss F Pr F 
Rep 2 3 . 8  30 LT . 01 44 . 5  44 . 0  L T  . 01 
Cross 24 43 . 5  21 LT . 01 1 55 . 0  5 . 5  L T  . 01 
Rec i p  1 0 . 02 0 .7  0 .75 0 . 1 4  0 . 2  o .n  
Cross*Recip  24 2 . 4  1 . 5 0 . 25 20 . 9  1 .  7 0 . 06 
Rep*Cross 48 4 . 1  1 .3 0 . 02 56. 1  2 . 3  L T  . 01 
Rep*Rec ip  2 0 . 1  0 .6  0 . 28 1 .6 1 .6 0 . 21 
CV 5 .49 4 . 82 
RMSE 0 . 25 0 . 71 
R2 0 . 95 0 . 92 
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Tab le  15A .  Ana lys i s  of  var i ance for var iab les LLN  and Lw'D in  1 985 . 
LLN Lw'D 
Source O F  ss F Pr F ss F Pr F 
Rep 2 202 . 5  0 .4  0 .67 0 . 7  0 .3 0 .77 
Cross 24 · 1 47439 9 .6  LT  .0 1  260 7. 7 LT . 01 
Rec i p  41 . 7  0 . 2  0 .74 0 . 00 0 . 06 0 .83 
Cross*Rec i p  24 5616 .6  0 .9 0 . 55 22 . 6  0 . 8  0 . 77 
Rep*Cross 48 30678 2 .6 LT .01  67.9  1 . 1 0 .33 
Rep*Rec ip  2 569 1 . 1  0 .32 0 . 3  0 . 1  0 .88 
CV 5 . 1 1  6 .43 
RMSE 1 5 . 77  1 . 1 2  
R2 0 .94 0 . 85 
Ana lys i s  of var i ance for var i ables HGT and PD i n  1985 . 
HGT PD 
Source OF  ss F Pr F ss F Pr F 
Rep 2 1466 1 1 2 LT . 01 56 . 6  21 . 5  L T  . 01 
Cross 24 971 0 1 7  LT .01 1 039 13 . 2  L T  . 01 
Rec i p  70 . 4  235 LT . 01 1 1 . 1  6 . 0  0 . 1 3 
Cross*Rec i p  24 1 1 5 . 2  0 .7  0 .79 57. 5  1 . 8 0 . 04 
Cross*Rep 48 1 1 23 3 . 6  L T  .01  1 57. 0 2 . 5  LT . 01 
Rec ip*Rep 2 0 . 6  0 . 1 0 .96 3 .7  1 . 4 0 . 26 
CV 2 .64 3 . 81 
RMSE 2 . 55 1 . 1 5  
R2 0 .98 0 . 96 
12 1 
Table 1 6A .  Ana lys i s  o f  var iance for vari ables HD and ANT i n  1985 . 
HD - ANT 
Source O F  ss F Pr F ss F Pr F 
Rep 2 183 67 LT . 01 161 54 LT . 01 
Cross 24 1342 7. 1 LT . 0 1  1344 6. 0 LT . 01 
Rec i p  1 . 4 0 . 2  0 .70 0 .8  0 . 2  o .n 
Cross*Rec ip  24 45 .4  1 . 4 0 . 16 5 1 . 5  1 . 5 0 . 1 4  
Rep*Cross 48 3n.a 5 .9 LT . 01 440 6.3 LT . 01 
Rep*Reci p  2 13 .3  4 .9  0 .01 9 .6  3 . 2  0 . 05 
CV 2 .36 2 . 20 
RMSE 1 . 16 1 . 22 
R2 0 .97 0 . 97 
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Tab le  1 7A .  Ana lys i s  of var i ance over years exami n ing spr i ng and 
w inter effects for the var i ables TL and IGIT . 
TL K\IT 
Source O F  ss F Pr F ss F Pr F 
Year 2 62 . 8  82 LT . 0 1  1 0 . 0  163 LT . 0 1  
Spr ing 4 10 .4  5 . 1  0 . 03 0 . 7  0 . 9  0 . 50 
Winter 4 16 .8  1 3 . 1 LT . 01 2 . 1  1 1 . 1  LT . 0 1  
Spri ng--Winter 1 6  8 . 5  1 . 4 0 . 20 0 .7  1 . 5 0 . 1 7  
Year*Spri ng 8 4 . 1  1 . 3 0 . 26 1 . 5 6 .3  L T  . 0 1  
Year--Winter 8 2 . 6  0 .8  0 . 58 0 .4  1 .6 0 . 1 7  
CV 1 2 . 08 7.61 
RMSE , D F  0 .62 ,32 0 . 1 8 ,32 
R2 0 .90 0 .94 
Ana lys i s  of var i ance over years exam in ing spri ng and wi nter 
effects for the var i ables GMPL and KER . 
GMPL KER 
Source DF  ss F Pr F ss F Pr F 
Year 2 204 .8  31 LT . 01 2476.3  1 08 LT . 01 
Spr i ng  4 70 . 5  1 .9 0 . 20 4 17 .8  2 . 0  0 . 1 8 
Winter 4 184.4  1 3 .8  L T  . 0 1  631 . 5  6 . 4  0 . 01 
Spr i ng*Wi nter 1 6  79.8  1 . 5 0 . 1 5 256 . 2  1 . 4 0 . 20 
Year*Spr i ng 8 74 . 0  2 .8  0 . 02 409 . 0  4 . 5  L T  . 01 
Year*Wi nter 8 26 .8  1 . 0 0 .42 198 .0  2 . 2  0 . 06 
CV 1 5 .48 7 . 1 6  
RMSE , D F  1 . 81 , 32 3 . 37 ,32 
R2 0 .86 0 . 90 
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Table  18A.  Ana lys i s  of  var i ance over years exami ning spr ing and 
wi nter effects for the var i ables K1 00W and SP I K .  
K 100W SP I IC  
Source DF ss F Pr F ss F Pr F 
Year 2 3 . 2  3 1  LT . 01 252 . 7  301 LT . 01 
Spr i ng  4 2 . 2  5 . 5  0 . 18 20 .7  7. 0 0 . 01 
Wi nter 4 9 . 1 13 .4  0 .0 1  56 .8  28 LT . 01 
Spr i ng*Wi nter 1 6  2 .4  3 .0  LT  . 01 1 4 . 2  2 . 1  0 . 04 
Yea r*Spr i ng 8 0 . 8  2 . 0  0 . 08 6 . 0  1 . 8 0 . 1 1  
Year*\linter 8 1 .3 3 .4 0 . 06 4 . 1  1 . 2 0 . 32 
CV 4 .60 4 . 1 1  
RMSE ,DF  0 . 22 , 32 0 .65 , 32 
R2 0 .92 0 .96 
12 4 
Table  19A .  Ana lys i s  o f  var i ance over years examining spr i ng and w inter 
effects for the var i ables LLN and LWD . 
LLN LWD 
Source OF ss F Pr F ss F Pr F 
Year 2 3500 .0  1 0 . 5  LT  . 01 55 . 1  57 LT .0 1  
Spr ing 4 6042.4  5 . 1  0 . 02 1 0 . 5  2 .7  0 . 1 1  
Wi nter 4 56030 .3 58 LT . 01 77.5 32 LT . 01 
Spr i ng*Winter 16 3334 . 2  1 . 3 0 . 29 12 .4  1 .6 0 . 1 2  
Year*Spr i ng  8 2359. 2  1 .8 0 . 1 2 7.7 2 . 0  0 . 08 
Year*\linter 8 1931 . 1  1 . 5 0 . 21 4 .9  1 . 3 0 . 29 
CV 4 . 1 0  3 . 79  
RMSE 1 2 .92 0 .69 
R2 0 .93 0 .92 
Ana lys i s  of var i ance over years examining spr i ng and 
w inter effects for the var i abl es HGT and PD . 
HGT PD 
Source DF  ss F Pr F ss F Pr F 
Year 2 2530 166 LT  . 01 77.8 33 LT  . 01 
Spri ng 4 1 756 1 9 . 5  LT . 01 248 . 3  1 2 .9  L T  . 01 
Wi nter 4 2476 66 LT .01  299.3 18.3 LT . 0 1  
Spr i ng*Wi nter 1 6  300 .4  2 .5  0 . 01 29 . 6  1 .6 0 . 13 
Year*Spr i ng 8 1 80 . 0  3 . 0  0 . 01 38 . 5  4 . 1  LT . 0 1  
Year*\linter 8 74 .6  1 . 2 0 .32 32 . 7  3 . 5  LT . 0 1 
CV 2 .89 3 . 74 
RMSE ,48 2 .76 ,48 1 . 08, 48 
R2 0 . 97 0 .95 
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Tab le  20A. Analys i s  of var i ance over years exami ning spri ng and winter 
effects for the var i ables · HD and ANT . 
HO ANT 
Source OF  ss F Pr F ss F Pr F 
Year 2 97. 8  54 LT .01  576 377 LT . 01 
Spring 4 53 . 0  5 . 0  0 . 03 54 . 7  5 .9 0 . 02 
W inter 4 481 . 6  27. 1  LT .0 1  470 .9  32 . 1  LT . 01 
Spri ng*Wi nter 16 60 .3 4 . 1 LT .0 1  71 . 4  5 .8  LT . 01 
Year*Spri ng  8 2 1 . 2  2 . 9  0 .02 1 8 .6  3 . 0  0 . 01 
Year�inter 8 35 . 5  4 .9 LT . 01 29 .3  4 .8  LT  . 01 
CV 1 .90 1 . 54 
RMSE , DF 0 .95,48 0 .88,48 
R2 0 .97 0 .98 
12 6 
Table 21A .  Ana lys is  of  var i ance i n  1983 examining spr ing and 
winter effects for the var iables TL and KWT . 
TL KWT 
Source DF  ss F Pr F ss F Pr F 
Rep 2 1 5 . 8  8 . 2  L T  .01  1 .9 20 LT . 01 
Spr i ng  4 3 . 2  1 . 8 0 . 22 1 . 4 5 . 5  0 . 02 
\linter 4 20 . 6  5 . 0  0 . 03 3 .3  18  LT  . 01 
Spr i ng*\li nter 16  20 . 4  1 . 3 0 . 24 1 .6 2 . 2  0 . 03 
Rep*Spri ng 8 3 . 6  0 . 5  0 .87 0 . 5  1 . 4 0 . 23 
Rep*\linter 8 8 . 2  1 . 1 0 .41  0 .4 1 . 0 0 . 44 
CV 22 .43 7.57 
RMSE 0 .98 0 . 21 
R2 0 .70 0 . 86  
Ana lys is  of var i ance i n  1983 exami ning spr ing and wi nter 
effects for the var i ables GMPL and KER . 
- GMPL KER 
Source DF ss F Pr F ss F Pr F 
Rep 2 197.3 9 . 7  LT . 01 543 . 2  18 .8  LT  . 01 
Spr i ng  4 30 .6  1 . 0 0 .48 598.3 1 0 . 5  LT . 01 
\iiU nter 4 239 . 7  6 . 8  0 . 01 804 . 8  1 3 . 8  LT . 01 
Spr i ng*\li nter 16  160 . 6  1 . 0 0 .49 620 . 2  2 . 7  LT .0 1  
Rep*Spr i ng 8 64 .3 0 .8  0 .61 1 14 .4 1 . 0 0 . 46 
Rep*\linter 8 70 . 5  0 . 9 0 . 55 1 16 .2  1 . 0 0 .45 
CV 25 . 73  6.92 
RMSE 3 . 18 3 .80 
R2 0 .70 0 .86 
12 7 
Table 22A. Ana lys i s  of var iance i n  1983 exami ning spr i ng and 
wi nter effects for the var i ab l es K1 00W and SP IK .  
IC1 00W SP I K  
Source OF ss F Pr F ss F Pr  F 
Rep 2 0 . 6  6 .7  LT .01  1 1 .6 1 0 . 6  L T  . 01 
Spri ng 4 4 .4  25 .8 LT .0 1  9 .2  6 .2  0 . 01 
Winter 4 3 .3 20 .3 LT .0 1  57.9 80 LT . 01 
Spr i ng*Winter 16 0 . 7  1 . 1  0 .42 26.6 3 . 0  L T  . 01 
Rep*Spri ng 8 0 . 3  1 . 0 0 .43 3 . 0  0 . 7  o .  71 
Rep*Wi nter 8 0 . 3  1 . 0 0 .47 1 .4 0 . 3  0 . 95 
CV 1 1 .96 4 . 06 
RMSE 0 .53 0 .74 
R2 0 . 74 0 .86 
12 8 
Table 23A . Ana lys is  of var i ance in 1983 examin ing spri ng and w i nter 
effects for the var i ables LLN and LW . 
LLN UJD 
Source DF  ss F Pr F ss F Pr  F 
Rep 2 4783 . 9  9 .8  LT  . 01 16 .5  8 .0  LT . 0 1  
Spr i ng  4 4597 . 6  4 . 1  0 . 04 21 .6  6 .0  0 . 02 
Wi nter 4 40912 . 2  69 LT . 01 74 . 1  22 . 7  LT . 01 
Spri ng""Wi nter 16 5261 . 6  1 .3 0 . 23 23 .8 1 . 4 0 . 19 
Rep*Spr i ng 8 2239 .8  1 . 1 0 .36 7 .2  0 . 9  0 . 55 
Rep*Wi nter 8 1 179.0  0 .6  0 .77 6 . 5  0 . 8  0 . 62 
CV 5 . 00 5 . 22 
RMSE 1 5 .70 1 . 02 
R2 0 . 88  0 .82 
Ana lys i s  of var i ance i n  1983 exami ning spr ing and wi nter effects 
for the var i ables HGT and PO . 
HGT PD 
Source OF  ss F Pr F ss F Pr F 
Rep 2 1 43 . 4  3 . 3  0 .05 1 . 1  0 . 3  0 . 74 
Spr ing 4 2244 . 1  21 . 0  L T  .0 1  458.6  24 .6  LT . 01 
Wi nter 4 3027 .8  29 . 5  L T  .01 384.5  79 LT . 01 
Spr i ng*Wi nter 1 6  61 8 . 9  1 . 8 0 .09 71 . 0  2 . 5  0 . 01 
Rep*Spr i ng 8 214 . 2  1 . 2 0.31  37.3 2 .6 0 . 03 
Rep*Wi nter 8 205 . 4  1 . 1  0 . 34 9 .8  0 .7  0 . 70 
CV 4 . 58 4 .61 
RMSE 4 .67 1 .34 
R2 0 .90 0 .94 
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Tabl e 24A . Ana lys i s of var; ance for 1983 exami ni ng spr i ng and wi nter 
effects for the var i ables HD and ANT . 
HD ANT 
Source O F  ss F Pr F ss F Pr F 
Rep 2 77.3 49 . 2  LT . 01 96.3 46 . LT .0 1 
Spri ng  4 68.3 1 7.9 LT .01  65 .2  19 .  LT . 0 1  
Wi nter 4 286.9  77.9 LT  . 01 301 .6 43 . LT . 0 1  
Spri ng�inter 16  71 .4  5 . 7 LT . 01 77.0 4 .6 LT . 0 1  
Rep*Spr i ng  8 7.6 1 . 2 0 .32 6 .7  0 .8 0 . 60 
Rep*Wi nter 8 7.4 1 . 2 0 .35 13 .8  1 .  7 0 . 1 5  
CV 1 .77 1 .90 
RMSE 0 .87 1 . 02 
R2 0 .96 0 .95 
13 0 
Table 25A . Ana lys i s  of var i ance in  1984 exami ning spr ing and 
winter effects for the va'r i ables TL and K\IT . 
TL !GIT 
Source O F  ss F Pr F ss F Pr F 
Rep 2 5 .8 4 . 0  0 . 03 0 . 5  1 .3 0 . 29 
Spr i ng  4 20 .4  20 . 8  LT . 0 1  4 . 3  5 . 0  0 . 03 
Winter 4 5 . 0 1 . 5 GT . 05 1 . 0 1 . 1  0 .4 1  
Spr ing�inter 16  22 . 0  1 .9 0 . 06 2 . 9  0 .9  0 . 57 
Rep*Spr ing 8 2 . 0  0 . 3  0 .94 1 .  7 1 .  1 0 .39 
Rep�inter 8 6 .3  1 . 1  0 . 39 0 .6  0 . 4  0 .94 
CV 1 8 .60 22 . 00 
RMSE 0 . 85 0 .44 
R2 0 . 73  0 .63 
Ana lys i s  of var i ance in  1 984 examin ing spr i ng and wi nter 
effects for the var i ables GMPL and KER . 
GMPL KER 
Source OF  ss F Pr F ss F Pr F 
Rep 2 62 .0  2 . 6  0 . 09 187 .0  2 .2  0 . 03 
Spr ing 4 304 .5  1 1 . 1  0 .0 1  1 524. 1 7.3 LT 0 . 01 
Wi nter 4 n . 1  2 . 6  0 . 1 2  3n . 4  1 . 8 GT 0 . 05 
Spr i ng*Wi nter 1 6  244 .6  1 . 3 0 . 28 878 . 5  1 . 5 0 . 06 
Rep*Spr ing 8 55 .0  0 .6  0 . 76 417. 1 1 . 4 0 . 94 
Rep*Wi nter 8 59 .5  0 .6 o .n 139 .3  0 .5  0 . 39 
CV 35 . 1 2 1 4 . 59 
RMSE 3 .35 6 . 09 
R2 0 .69 0 .  75 
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Table 26A . Ana lys i s  of var ; ance ; n  1984 examin;ng spr i ng and 
w;nter effects for the vadables K100\J and SP I K .  
K 100W SP I IC  
Source DF ss F Pr F ss F Pr F 
Rep 2 0 . 1 0 .3 0 . 78 14 .2  4 .0  0 . 03 
Spri ng 4 2 .7  1 . 8 0 . 22 54 .3  4 . 1  GT . 05 
Wi nter 4 9.6 6.4  0 . 01 65 . 7  9 . 3  L T  . 01 
Spr;ng*\Jinter 16 9 .3  2 . 1  0 . 04 46 . 8  1 . 6 0 . 1 1  
Rep*Spr ;ng 8 3 . 0  1 . 3 0 . 26 26 .4  1 . 9 0 . 1 0  
Rep•w;nter 8 1 . 0 0 .4  0 .90 14 . 1 1 . 0 0 .46 
CV 1 1 .96 9.43 
RMSE 0 .53 1 . 33 
R2 0 . 74 0 . 80 
13 2 
Table 27A . Ana lys i s  of var i ance for 1984 examini ng spri ng and wi nter 
effects for the var i ables- LLN and LW . 
LLN LW 
Source OF  ss F Pr F ss F P r  F 
Rep 2 1 20 . 2  0 . 2  0 .85 0 . 5  0 . 3  0 . 75  
Spr i ng  4 14693 . 0  9 .9 GT .OS 27.6  1 7. 9  LT . 0 1  
Wi nter 4 52585 . 0  350 LT .0 1  75 .6 42 . 5  L T  . 01 
Spri ng*\ili nter 1 6  6181 . 7  1 . 1  0 .44 25 .4  1 . 9 0 . 06 
Rep*Spr ing 8 2958. 0  1 . 0 0 .45 3. 1 0 . 5  0 .88 
Rep*\ili nter 8 299. 8  0 . 1  1 . 00 3 .6 0 . 5  0 . 83 
CV 6.22 5 .30 
RMSE 19 . 19 0 .92 
R2 0 . 87 0 . 83 
Analys i s  of var i ance for 1984 exami ning spr ing and wi nter effects 
for the var i ab les HGT and PD . 
HGT PD 
Source O F  ss F Pr F ss F Pr F 
Rep 2 38 .6 1 . 0 0 .40 1 5 . 4  1 . 6 0 . 2 1  
Spr i ng  4 2238. 2  1 4 . 2  0 .05 265 . 5  8.5  GT . OS 
Wi nter 4 1 n2 40 .6 LT .01  280 . 5  32 .6  LT  . 0 1 
Spr i ng*\ilinter 16  375 1 . 2 0 .35 75 . 9  1 . 0 0 . 47 
Rep*Spr i ng 8 3 14  1 .9 0 . 09 62 . 2  1 .  7 0 . 1 5 
Rep*\ilinter 8 84 . 8  0 . 5  0 .83 17 . 2  0 . 5  0 . 88 
CV 5 . 1 5 7.91  
RMSE 4 . 5 1  2 . 1 7  
R2 0 .88 0 . 83 
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Table 28A. Ana lys i s  of var i ance for 1984 exami n ing spr i ng and wi nter 
effects for the var i ables HD and ANT . 
HD ANT 
Source OF ss F Pr F ss F P r  F 
Rep 2 140 .3 1 3 . 7  LT .0 1  103 . 2  9 .8  LT  . 0 1  
Spr i ng 4 96. 2  1 3 .4  LT .0 1  98.4  8 .4  LT  . 0 1  
\li nter 4 n6. o  47.0  LT  .0 1  673. 5  46. 5  L T  . 0 1  
Spr ing--Winter 16  81 . 5  1 .0 0 .48 86 . 1  1 . 0 0 . 46 
Rep*Spr i ng  8 49.3  1 .2 0 . 32 23 .4 0 .6 0 . 81 
Rep--Winter 8 30 .9  0 .8  0 .64 29 .0  0 . 7  0 . 70 
CV 4 . 38 3 .82 
RMSE 2 . 26 2 .30 
R2 0 .87 0 .86 
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Tab le  29A. Ana lys i s  of var i ance i n  1985 exami n ing spri ng and 
winter effects for the va_r i ables TL and K\JT . 
Tl K\JT 
Source OF  ss F Pr F ss F 
Rep 2 106.0  35 .6  LT  . 0 1  2 .7  23 
Spr i ng  4 23 . 2  4 . 6  0 . 09 0 .9  2 . 5  
\li nter 4 34 .3  2 .8  0 . 05 3 . 0  1 3 . 0  
Spr i ng*\li nter 1 6  20 . 1  0 . 8  0 .31 0 . 5  0 . 6  
Rep*Spr ing 8 1 0 . 1 0 .9  0 . 28 0 . 7  1 . 5 
Rep"'Winter 8 24 .4 2 . 1  L T  .01  0 . 5  1 . 0 
CV 1 9 . 23 1 1 .  74 
RMSE 1 . 22 0 . 24 
R2 0 . 82 0 .81 
P r  F 
LT . 0 1  
0 . 1 2  
L T  . 0 1  
0 . 89 
0 . 21 
0 . 46 
Ana lys i s  of var i ance i n  1985 exam in ing spr ing and wi nter 
effects for the var i ables GMPL and KER . 
GMPL KER 
Source DF  ss F Pr F ss F Pr F 
Rep 2 ns .o 59 . 0  L T  . 01 621 .8  19 .9  LT . 0 1  
Spr ing 4 91 .4  2 .9  0 . 09 21 5 . 0  1 . 5 0 . 28 
\li nter 4 356 .8  3 . 8  0 . 05 1 1 27. 2  14 . 1  LT . 01 
Spr i ng*\li nter 16 1 19 . 0  1 . 2 0.31  240 . 5  1 . 0 0 . 52 
Rep*Spr i ng 8 62 .9  1 .3 0 . 28 281 .8  2 .3  0 . 05 
Rep*\Ji nter 8 1 89. 1 3 .9  LT . 01 160 . 1  1 . 3 0 . 29 
CV 18 .66 8 . 82 
RMSE 2 .47 4 . 00 
R2 0 . 89 0 .84 
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Table 30A . Ana lysis  of var i ance i n  1985 examining spr ing and 
w inter effects for the var i ables K1 00W and SPI K. 
lc:1 00\I SP I K  
Source OF  ss F Pr F ss F 
Rep 2 1 .9 29.0  LT .0 1  22 . 5  26 
Spr ing 4 2 .4  16 . 0  LT .01 14 .6  2 .9  
Wi nter 4 17 .4 63 .8 LT . 01 56. 4  1 5 . 5  
Spr i ng--Winter 16 2 . 0  3 . 8  LT  . 0 1  1 1 . 5 1 . 7 
Rep*Spr i ng 8 0 . 3  1 . 1 0 .36 1 0 . 0  2 . 9  
Rep-Winter 8 0 . 5  2 . 0  0 .07 7.3 2 . 1 
CV 3.96 4 .46 
RMSE 0 . 18 0.66 
R2 0 .96 0 . 90 
1 3 6 
Pr  F 
LT . 0 1  
0 . 09 
LT . 0 1  
0 . 1 1  
0 . 02 
0 . 06 
Table 31A.  Ana lys i s  of var i ance for 1985 exami n ing spr i ng and w inter 
effects for the vari ab les LLN and Lw'D . 
LLN Lw'D 
Source O F  ss F Pr F ss F Pr  F 
Rep 2 321 0 .3 4 .4 0 .02 0 . 1  0 . 03 0 .97 
Spr i ng 4 6357. 2  3 . 9  0 .05 9 .4  1 . 4 0 . 33 
Winter 4 80474 . 0  88 LT .0 1  1 01 . 7 1 3 .9 LT .0 1  
Spr ing*Wi nter 1 6  1 n80 .6  3 . 1  L T  .01 36 . 0  2 . 3  
Rep*Spr i ng  8 3302 . 0  1 . 1  0 .37 1 3 .9 1 .8 
Rep*Winter 8 1 826 .6  0 . 6  0 .75 1 4 .6 1 .9 
CV 5 .89 5 . 52 
RMSE 1 9 .04 0 .99 
R2 0 .91 0 . 85 
Analys i s  of var i ance for 1985 exami ning spri ng and w inter 
effects for the var i ables HGT and PO .  
HGT PD 
Source OF ss F Pr F ss F 
Rep 2 741 . 4 56 LT .01  27.  1 1 0 . 4  
Spr ing 4 1304 20 LT . 0 1  130 . 1 8 . 2  
W inter 4 3067 24 LT .0 1  335 .9 49 . 4  
Spri ng*W i nter 16 659 6 .3  LT .0 1  65 .8  3 . 1  
Rep*Spri ng 8 132 2 . 5  0 . 03 31 .8  3 . 0  
Rep*W inter 8 260 5 . 0  LT . 01 1 3 .6  1 . 3 
CV 2 .66 3 . 80 
RMSE 2 .56 1 . 1 5 
R2 0 .97 0 . 94 
0 . 02 
0 . 1 2  
0 . 1 0  
P r  F 
LT .0 1  
LT  . 0 1  
LT  . 01 
LT . 01 
0 . 01 
0 . 28 
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Tab le  32A .  Ana lys ;s  of var i ance for 1985 examining spr i ng and wi nter 
effects for the var i ables HD and ANT . 
HD ANT 
Source OF  ss  F Pr F ss F Pr F 
Rep 2 88.4 10 .0  LT  .0 1  n.7 7.9 LT .01 
Spr ing 4 55 .9  3 .2  0 . 08 56. 1 2 . 4  0 . 14 
\li nter 4 482 .7  27.5  LT  .01 482 . 1  20 . 0  L T  . 01 
Spr ing-Vi nter 1 6  1 17.9 1 .  7 0 . 1 0 1 18 .9  1 . 5 0 . 16 
Rep*Spr i ng 8 35 . 1  1 . 0 0 .46 47 .3  1 . 2 0 . 33 
Rep-Vi nter 8 9.9 0 .3 0 .97 1 3 . 2  0 .3  0 .95 
CV 4 . 27 4 .0 1  
RMSE 2 . 1 0  2 . 22 
R2 0 .86 0 . 85 
13 8 
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Table  33A . Rank ing of means for TL averaged over reci proca l s .  
83 -85 1983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 5 . 1  1 2  4 .7  19 .5  5 . 1  17 .0  5 . 6  6 
But/Pex 4 .6 7 3 . 7  5 . 0  4 . 5  1 3 . 0  5 . 7  7 
But/Pelc 4 . 7  9 3 . 7  4 . 0  4 .6  14 .0  5 .9 9 
But/Ctk 6 .7  24 6.6 25 .0  6 .4  25 . 0  7 . 1  1 8  
But/Tx7 5 .6 20 4 . 1 1 3 . 0  5 . 2  20 . 5  7 .4  21 
Jam/Aur 5 .4 16  4 . 6  18 .0  5 . 1  18 .0  6 .4  1 4  
Jam/Pex 5 . 2  1 4  4 .  1 1 1 . 0 5 . 5  23 . 0  6 . 2  1 2  
Jam/Pelc 4 . 2  2 3 . 4  1 . 0 3 .7  3 . 0  5 .3 4 
Jam/Ctk 5 .8 23 5 . 0  2 1 . 0  4 . 2  1 0 . 0  8 . 0  24 
Jam/Tx7 5 . 7  22 5 .3 23 .0  5 . 5  22 . 0  6 . 3  1 3  
Cno/Aur 4 . 8  10  4 .3  1 5 . 0  3 .9  5 . 0  6 . 0  1 1  
Cno/Pex 4 . 2  3 3 . 8  6 .0  3 .7  4 . 0  5 .  1 3 
Cno/Pek 4 . 0  4 . 0  9 .0  3 . 5  2 . 0  4 .8 1 
Cno/Ctlc 5 . 3  1 5  4 .3 16 .0  4 .9  16 .0  6 .4  1 5  
Cno/Tx7 4 . 2  4 4 . 1 1 2 . 0  3 . 3  1 . 0 5 . 1  2 
EE/Aur 5 . 5 17  4 .0  1 0 . 0  6 . 0  24 . 0  6 . 5  1 6  
EE/Pex 5 .5 19  4 . 2  14 . 0  5 . 2  19 .0  7 . 3  19  
EE/Pek 4 . 5  5 3 . 9  7.0 4.3 1 2 . 0  5 .3 5 
EE/Ctk 6 .7  25 6 . 2  24 .0  5 . 2  20 . 5  8 . 6  25 
EE/Tx7 5 . 6 21 4 . 7  19 .5  4 . 2  1 1 . 0 7 .7 23 
Thr/Aur 5 . 5 1 8  5 . 0  22 . 0  3 .9 6 . 0  7.6 22 
Thr/Pex 5 . 1  1 1  4 . 5 17.0 4 . 0  8 . 0  6 .6  17  
Thr/Pek 4 . 7  8 3 .6 3 . 0  4 . 7  1 5 . 0  5 . 8  8 
Thr/Ctk 5 . 1  13 3 . 9  8 . 0  4 . 1  9 . 0  7 . 4  20 
Thr/Tx7 4 . 5  6 3 . 5  2 . 0  4 . 0  7 .0  6 . 0  1 0  
MEAN 5 . 1 2 4 . 36 4 . 57 6 .37 
MSE 0 .  78 1 .64 1 .31 3 .32 
F 3 . 81 2 . 26 2 . 90 1 . 83 
MSO 1 . 08 1 .86 1 . 50 2 . 93 
+ 
MSO = min inun s i gni f i cant di fference based on Wa l l er- Duncan t test 
KRAT J0=100 .  
MSE = mean square error . 
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Table 34A . Ranki ng of means for K\IT averaged over rec i proca l s . 
83 ·85 1983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur- 2 . 58 20 2 .99 19  2 .40 21 . 5  2 . 25 21  
But/Pex 2 . 34 14  2 .95 18  2 . 23 19  1 .85 6 
But/Pek 2 . 06  3 2 .32 1 2 . 13 14 1 .  75 
But/Ctk 2 . 26 1 0  2 . 55 5 2 . 27 20 1 .93 1 0  
But/Tx7 2 . 13 5 2 .64 8 1 . 96 13 1 .78 2 
Jam/Aur 2 .38 16  2 . 77  1 1  1 .94 1 2  2 .30 22 
Jam/Pex 2 . 61 23 3 . 08 22 2 . 44 24 2 . 19 1 9  
Jam/Pek 2 .04 2 2 .42 2 1 . 80 7 1 . 78 3 
Jam/Ctk 2 . 28 1 2  2 . 70 1 0  1 .76 6 2 . 16 17 
Jam/Tx7 2 . 1 5 6 2 . 54 4 1 .90 1 0  1 . 85 5 
Cno/Aur 2 .95 25 3 .74 25 1 . 58 1 1  2 .63 25 
Cno/Pex 2 . 25 9 2 .92 17  1 . 54 3 2 . 1 2  1 5  
Cno/Pek 2 . 40 19 3 . 00 20 1 . 83 8 2 . 07 1 2  
Cno/Ctk 2 . 40 18  2 . 82 13 2 . 19 16 2 . 1 7  18 
Cno/Tx7 2 . 27 1 1  2 . 78 12  1 .64 4 2 . 09 14 
EE/Aur 2 .78 24 3 . 16 24 2 .68 25 2 . 48 23 
EE/Pex 2 . 59 21 3 . 07 21 2 .40 21 . 5  2 . 24 20 
EE/Pek 2 . 24 8 2 . 57 6 2 . 21 17  1 .91 8 
EE/Ctk 2 .39 17 2.69 9 2 .42 23 2 . 07 13  
EE/Tx7 2 .35 15  2 . 89 16 2 . 22 18 1 .87 7 
Thr/Aur 2 .61 22 3 . 13 23 1 . 74 5 2 . 57 24 
Thr/Pex 2 . 33 13  2 .85 7 2 . 16  15  1 . 93 9 
Thr/Pelc 2 . 1 7  7 2 .61 15  1 . 87 9 1 . 97 1 1  
Thr/Ctlc 2 . 10 4 2 .87 3 1 . 24 2 . 1 5  1 6  
Thr/Tx7 1 .94 2 .43 2 .0  1 . 49 2 1 .81  4 
MEAN 2 .30 2 .82 2 .02 2 . 07 
MSE 0 . 1 2  0 . 1 0  0 .36 0 . 1 3  
F 2 . 40 5 .31 1 . 96 2 . 90 
MSD 0 .49 0 .37 0 .92 0 . 47 
MSD = mininun si gni f i cant di fference based on Wa l l er- Duncan t test 
KRAT I0=100 .  
MSE = mean square error.  
14 1 
Tab le  35A . Rank ing of means for GMPL averaged over rec iproca l s .  
83 -85 1983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 13 . 18 18  1 4 - 97 21 1 2 . 16 20 1 2 .  71 1 1  
But/Pex 1 0 . 88  1 0  1 0 . 98 7 1 0 . 02 16 1 0 . 5 1  5 
But/Pelc 9 . 75  6 8 . 58 3 9 .85 14 1 0 .31  4 
But/Ctlc 1 5 . 14 23 16 .79 25 14 .62 24 1 3 . 72 1 5  
But/Tx7 1 1 .91  1 2  1 0 .93 6 1 0 . 25 1 7  1 3 . 23 1 3  
Jam/Aur 1 2 . 79  1 5  1 2 .73 16  9 .92 1 5  14 . 70 18 
Jam/Pex 1 3 . 59 19 1 2 . 54 14 13 .49 23 1 3 . 52 14 
Jam/Pek 8 .48 8 .32 6 . 58 6 9 . 52 1 
Jam/Ctk 1 3 . 1 7  1 7  1 3 .41  18 7.35 8 1 7. 17  23 
J8ffl/Tx7 1 2 . 20 13 13 .46 19 1 0 . 36 18  1 1 . 62 1 0  
Cno/Aur 1 4 . 08 20 1 5 .94 23 7.48 9 1 5 . 89 20 
Cno/Pex 9 . 39 3 1 1 . 1 7 8 5 . 64  3 1 0 .86 8 
Cno/Pek 9 . 63 4 1 1 . 91 1 1  6 . 38 5 9 . 86  2 
Cno/Ctk 1 2 . 67 1 4  1 2 . 20 12  1 0 . 78 1 9  1 4 . 02 16 
Cno/Tx7 9 .64 5 1 1 .42 10  5 .45 2 1 0 .64 6 
EE/Aur 1 5 . 23 24 1 2 . 52 13 16 .09 25 16 . 1 5 21 
EE/Pex 14 .33 21 1 2 . 80 1 7  1 2 . 46 21  16 .33 22 
EE/Pelc 1 0 . 06 7 9.93 5 9 . 57 13  1 0 . 21 3 
EE/Ctk 1 6 . 06 25 16 .79 24 1 2 .68 22 1 7. 86  24 
EE/Tx7 13 . 14 16  1 3 . 58 20 9 . 34 1 2  1 4 . 34 1 7  
Thr/Aur 1 4 . 39 22 1 5 . 55 22 6 .81 7 1 9 . 52 25 
Thr/Pex 1 1 . 90 1 1  1 2 . n  1 5  8 . 70 10  1 2 . 81 1 2  
Thr/Pek 1 0 . 1 7  8 9 .30 4 8 .77 1 1  1 1 . 35 9 
Thr/Ctk 1 0 . 80 9 1 1 . 24 9 5 . 02 1 1 5 . 83 19 
Thr/Tx7 8 . 75  2 8 .40 2 5 . 94 4 1 0 . 84  7 
MEAN 1 1 .  70 1 2 .36 9 .61 13 .33 
MSE 8 . 54 18 .04 18 .91 1 8 . 21 
F 3 .32 2 . 01 2 .65 2 . 57 
MSO 3 . 68  6 . 50 5 .89 5 .86 
MSO = mi ninun s igni f i cant di fference. 
MSE � mean square error . 
142 
Table  36A. Rank i ng  of means for KER averaged over rec ; proca l s .  
83-85 1 983 1984 1 985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 50 .6  17  57.9 20 47.8 20 44 . 6  1 1  
But/Pex 48. 4  1 2  57.2 19 43 . 4  1 7  43 .9  1 0  
But/Pek 42 .6  5 46.6  3 43 . 4  18  38 . 0  4 
But/Ctk 5 1 . 1  20 56.8  1 7  48.9  22 46.8  1 4  
But/Tx7 47. 2  1 0  55 . 5  1 1  42 . 2  13  43 . 3  9 
Jam/Aur 49. 5  1 5  55 .8  12  42 .3  14 48 . 1  1 8  
Jam/Pex 54.4  25 61 . 4  24 48. 7  21 50 . 5  22 
Jam/Pelc 40. 7  2 48.3  5 34 . 7  5 36 . 3  2 
Jam/Ctk 5 1 .8 21 58. 2  21 40 . 5  9 52 . 1  25 
Jam/Tx7 48 .5  14  54 . 7  1 0  42 . 7  1 5  44 . 7  1 2  
Cno/Aur 54 .2  23 69 . 2  25 36. 2  7 47. 7  1 7  
Cno/Pex 48.4  13  56. 7  1 5  35 . 0  6 50 . 5  2 1  
Cno/Pek 46. 9  9 56 .3  14  39 .5  8 40 . 5  5 
Cno/Ctk 5 1 . 0 19  56. 0  1 3  45 . 1  19 50 . 9  24 
Cno/Tx7 50 .8  18  56 .8 16 43 . 1  16 48 . 9  20 
EE/Aur 47.8 1 1  57.0 18 42. 0  1 2  42 . 8  8 
EE/Pex 54 .3 24 58. 7  22 53 .0  25 50 . 8  23 
EE/Pek 41 . 3  3 46 .7 4 41 . 0  1 0  35 . 6  
EE/Ctk 50 .0  16  52 .5  7 50 . 1  23 47.3  1 5  
EE/Tx7 53 .3  22 61 . 0  23 50 .4  24 45 . 6  1 6  
Thr/Aur 45 .7  8 54 . 2  8 3 1 . 0  42 . 3  13  
Thr/Pex 45 . 2  6 50.4 6 41 .5  1 1  37. 4  6 
Thr/Pek 39. 4  1 45 .7  33 .2  4 48. 3  3 
Thr/Ctk 45 . 3  7 54 .3 9 31 . S  2 42 . 6  1 9  
Thr/Tx7 4 1 . 5  4 46 .6 2 33 . 0  3 84 . 3  7 
MEAN 47. 1 9  54 . 92 4 1 .69 45 . 00 
MSE 35 . 46 30.98 69 .92 38 . 53 
F 3 . 1 6  5 . 53 3 .39 3 . 38 
MSD 7.60 6.43 1 0 . 51 7 . 84  
M SD  = mininun s ; gni f i cant di fference based on Wa l ler - Duncan t test 
KRAT I0=1 00 . 
MSE • mean square error . 
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Tabl e 37A . Rank ing of means for K1 00W averaged over rec iproca l s .  
83-85 1983 1984 1 985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 5 .09 18 5 . 1 7 1 5  5 . 02 17  5 . 04 19  
But/Pex 4 . 85 16  5 . 16 14 5 . 13 18  4 . 22 7 
But/Pelc 4 .83 1 5  5 . 00 8 4 .91 15  4 . 60  16  
But/Ctlc 4 .42 3 4 .49 4 .64 12  4 . 1 2  3 
But/Tx7 4 . 52 6 4 . 76 5 4 .64 1 1  4 . 10 2 
Jam/Aur 4 .81 14 4 . 96 7 4 . 59 9 4 . 77  1 7  
Jam/Pex 4 .81 13 5 . 02 1 0  5 . 00 16 4 . 34 1 1  
Jam/Pelc 5 . 02 1 7  5 . 02 9 5 . 19 19 4 . 91 18  
Jam/Ctk 4 .40 4 .64 2 4 .35 3 4 . 14 4 
Jam/Tx7 4 .44 4 4 .65 3 4 .45 6 4 . 1 5  5 
Cno/Aur 5 .43 21  5 .40 20 5 . 28 21 5 . 52 23 
Cno/Pex 4 .64 7 5 . 1 5 13 4 .39 4 4 . 20 6 
Cno/Pek 5 . 1 1  1 9  5 .33 19  4 .64 1 0  5 . 09 20 
Cno/Ctk 4 . 70 1 0  5 . 04  1 1  4 . 85 14  4 . 27 1 0  
Cno/Tx7 4 .47 5 4 .90 6 3 . 80 1 4 . 27 9 
EE/Aur 5 . 83 25 5 . 54 22 6.38 25 5 . 80 25 
EE/Pex 4 . 76 1 1  5 . 22 17 4 . 52 8 4 .41 13 
EE/Pelc 5 . 43 22 5 . 50 21 5 .40 22 5 .37 22 
EE/Ctk 4 . 79  1 2  5 . 1 3 1 2  4 . 83 1 3  4 . 38 1 2  
EE/Tx7 4 .40 2 4 .74 4 4 .41 5 3 .95 
Thr/Aur 5 . 70 24 5 . 77  25 5 . 60 23 5 . 64  24 
Thr/Pex 5 . 16 20 5 . 64  23 5 . 19 20 4 . 56 15  
Thr/Pek 5 . 52 23 5 . 71 24 5 .62 24 5 . 26 21 
Thr/Ctlc 4 . 65 8 5 . 28 18 3 .93 2 4 . 46 14 
Thr/Tx7 4 . 68  9 5 . 21 16  4 . 50 7 4 . 24 8 
MEAN 4 . 87 5 . 14 4 .85 4 . 62 
MSE 0 . 1 5 0 . 08 0 . 62 0 . 08 
F 7.35 8 . 23 2 .77 21 . 41 
MSD 0 .44 0 . 32 1 . 05 0 . 31 
MSD = mininun s i gni f i cant d i fference based on Wa l ler -Duncan t test 
KRAT I0=100 .  
MSE = mean square error . 
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Table  38A . Ranking of means for SP IK  averaged over recjproca l s .  
83- 85 1983 1984 1 985 
mean rank mean ranlc mean rank mean rank 
Cross 
But/Aur 17 .5  23 19 .9  22 . 5  16 . 2  22 1 6 . 0  22 . 0  
But/Pex 1 5 . 2  8 18 . 1  1 3 . 0  1 3 . 5  1 0  1 3 . 7  4 . 0  
But/Pek 1 4 .6  3 16 .6  1 . 0 13 .6  1 1  13 . 5  3 . 0  
But/Ctk 1 6 . 2  16  18 .4  16 .0  14 .9  19 15 . 1  1 6 . 0  
But/Tx7 1 5 . 0  6 18 .2  1 4 . 0  12 .6  5 1 3 .9  6 . 5  
Jam/Aur 17 .5  22 19. 2 18 .0  16 .3  23 16 .6  25 . 0  
J8111/Pex 16 . 5  1 7  19 . 2  19 . 5  14 .4  16  1 5 . 0  1 4 . 0  
Jam/Pelc 1 4 . 2  1 6 . 6  2 . 0  1 1 .6 2 13 . 1 1 .  0 
Jam/Ctk 1 5 . 7  1 4  18 . 1 1 1 . 0 1 2 . 6  4 1 5 . 2  1 7. 0  
Jam/Tx7 1 5 . 8  1 5  1 8 . 4  1 5 . 0  1 3 . 5  9 14 .3  1 2 . 0  
Cno/Aur 16 .7  18  20 . 1 24 .0  1 3 . 8  1 3  15 . 1  1 5 . 0  
Cno/Pex 1 4 . 5  2 17 .4  8 .0  1 1 . 1  1 14 .3 1 1 . 0 
Cno/Pek 1 5 . 2  9 17 .8  9 .0  13 .2  7 13 .4  2 . 0  
Cno/Ctk 1 5 . 3  1 1  17 .0  4 .0  14 . 0  14 1 4 .8  1 3 . 0  
Cno/Tx7 1 5 . 1  7 1 7.3  7. 0 13 .4  8 1 3 .9  6 . 5 
EE/Aur 1 7.6 24 19 .3  21 . 0  1 7. 5  25 1 5 . 9  21 . 0  
EE/Pex 1 7. 1 20 19 .9  22 . 5  1 5 . 5  21 1 5 . 4  1 8 . 0  
EE/Pelc 1 5 . 2  1 0  1 7 .  1 6 . 0  1 4 . 3  1 5  13 .8  5 . 0 
EE/Ctk 17 .4  21  19 .0  1 7. 0  16 .4 24 16. 5  23 . 0  
EE/Tx7 16 .8  1 9  1 9 . 2  19 .5  1 4 .8  18  1 5 . 6  20 . 0  
Thr/Aur 17 . 7 25 20 .2  25 . 0  1 5 .3 20 16 .6  24 . 0  
Thr/Pex 1 5 . 7  1 2  18 . 1 1 2 . 0  14 .6  1 7  1 3 . 9  8 . 0  
Thr/Pek 1 4 .9  5 17 .0  5 . 0  12 .9  6 1 4 . 2  9 .0  
Thr/Ctk 1 5 . 7 13  18 . 0  1 0 . 0  13 .6  1 2  1 5 .4 1 9. 0  
Thr/Tx7 14 .6  4 1 6.8  3 .0  12 .3  3 1 4 . 2  1 0 . 0  
MEAN 1 5 .  71 18 .28 14 . 13 1 4 .74 
MSE 0 .98 0 .88 3.89 1 . 17 
F 7.85 8.  75 3 .57 5 . 53 
MSO 1 . 0 1 . 04 2 .45 1 . 25 
MSD • min inun signi f i cant di fference based on Wa l ler-Duncan t test 
KRAT I0=1 00.  
MSE = mean square error .  
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Tab le  39A. Rank ing of means for LLN averaged over rec iproca l s .  
83-85 1983 1984 1 985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 340 18  333 20 352 24 336 1 7  
But/Pex 328 16  326 18  326 16 332 16  
But/Pelc 290 9 293 7 285 1 0  292 5 
But/Ctk 304 1 2  307 1 3  297 1 1  309 1 2  
But/Tx7 286 3 296 9 278 6 285 2 
Jam/Aur 347 20 346 22 337 1 8  357 20 
Jam/Pex 349 2 1  326 1 7  350 23 376 23 
Jam/Pelc 289 6 298 1 0  276 5 289 4 
Jam/Ctlc 297 10  290 5 276 4 322 1 4  
Jam/Tx7 287 4 277 2 284 9 303 1 1  
Cno/Aur 375 25 370 25 346 21  403 25 
Cno/Pex 343 19 354 23 329 1 7  346 19 
Cno/Pelc 290 7 299 1 1  283 8 288 3 
Cno/Ctlc 306 13  294 8 303 1 2  320 1 3  
Cno/Tx7 288 5 293 6 269 3 296 7 
EE/Aur 366 24 366 24 362 25 370 21 
EE/Pex 353 23 3 17  16  349 22 390 24 
EE/Pek 303 1 1  3 10 1 5  305 1 3  294 6 
EE/Ctk 3 12  1 4  301 1 2  338 20 301 9 
EE/Tx7 3 1 5  1 5  308 14  315  15  323 1 5 
Thr/Aur 350 22 338 21 337 1 9  376 22 
Thr/Pex 329 1 7  328 19 3 1 1 1 4  346 18  
Thr/Pelc 286 2 290 4 267 2 297 8 
Thr/Ctlc 290 8 285 3 281 7 303 10  
Thr/Tx7 264 1 275 257 262 
MEAN 3 1 5  313 308 324 
MSE 397 440 639 602 
F 1 4  9 1 0  14  
MSO 21  6 26 26 
MSD = mi ninun s igni f i cant d i fference based on Wa l ler- Duncan t test 
KRAT IO= 100 • •  
MSE = mean square error . 
146 
Table 40A. Rank; ng of means for LW averaged over rec ; proca l s .  
83 -85 1 983 1984 1 985 
mean rank mean rank mean ranlc mean rank 
Cross 
But/Aur 19 .3  1 8  19 .7  1 4  19 . 1 22 . 0  1 9 . 0  1 9 . 0  
But/Pex 18 .3  14  19 .4 12 1 7. 7  1 7. 0  1 7. 7  1 2 . 0  
But/Pelc 16 .7  1 1 7 . 2  16 .0  3 . 5  16 .8  6 . 0  
But/Ctlc 1 7.4  6 18 .9  1 0  16 . 0  3 . 5  1 7. 1 7 . 0  
But/Tx7 1 7. 5  9 19 .9 1 5  16 .0  5 . 0 16 .6  4 .0  
Jam/Aur 19 .7  2 1  20 . 7  22 19 .0  20 . 0  19 .4  2 1 . 0  
Jam/Pex 20 . 1  23 20 .3 18  19 .6  25 . 0  20 . 2  23 . 0  
Jam/Pek 17 .2  5 18 .4  7 16 .3  8 .0  16 .7  5 . 0  
Jam/Ctlc 1 7. 2  4 1 7. 9  4 1 5 .3 1 . 0 1 7.9  1 3 . 0  
Jam/Tx7 18 .7  16  20 . 5  21 16 .7  1 1 . 0 18 .3  1 5 . 0  
Cno/Aur 20 .4  24 22 . 0  25 18 .  1 18 .0  20 .6 25 . 0  
Cno/Pex 1 9 . 0  1 7  20 .7  23 1 7.7  16 .0  18 . 5  1 6 . 0  
Cno/Pek 18 .0  1 2  1 9 . 9  16  16 .5  9 .0  1 7. 3  9 . 0  
Cno/Ctk 1 7. 5  1 0  1 7.8  3 1 7. 5  1 5 . 0  1 7.3  1 0 . 5  
Cno/Tx7 18 . 1 13  20. 2  17  16 .2  7. 0 1 7 . 3  1 0 . 5  
EE/Aur 20.4  25 2 1 . 7  24 19 .5  23 .0  20 . 0  22 . 0  
EE/Pex 19 .4  1 9  19 .3  1 1  1 9 . 5  24 . 0  1 9 . 3  20 . 0  
EE/Pelc 17 . 4  7 18 .8  9 1 7. 1  1 2 . 0  1 6 . 0  1 . 0 
EE/Ctlc 1 7. 4  8 18 . 7  8 17 . 5  14 .0  16. 1 2 . 0  
EE/Tx7 1 9.4  20 20 . 5  20 19 . 1 21 . 0  18 .7  18 .0  
Thr/Aur 19 .8 22 20 .4  19 1 8 .4 19 .0  20 .4  24 . 0  
Thr/Pex 18 .6  15  19 .5  13 17 .3 1 3 . 0  1 8 .7  1 7. 0  
Thr/Pek 1 7.6  1 1  18.3 6 16 .2  6 .0  18 .0  14 . 0  
Thr/Ctk 16 .9  2 17 .5  2 1 5 .9 2 .0  17 . 2  8 . 0  
Thr/Tx7 17 . 0  3 1 8 . 1  5 16 .7  10 .0  16 . 1 3 . 0  
MEAN 18 .3  19 . 5  1 7. 4  1 8 . 0  
MSE 1 . 2 1 .8 1 .4 2 .3  
F 7. 1 5 . 2  7 .7  5 . 1  
MSD 1 . 2  1 .6 1 .3 1 .8 
MSD = m; ninun s ;gni f ; cant d; fference based on Wa l ler -Duncan t test 
KRAT J 0=1 00 .  
MSE = mean square error . 
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Table  41A.  Ranki ng of means for HGT averaged over rec i proca l s .  
83 - 85 1983 1984 1985 
mean rank mean rank mean r_ank mean rank 
Cross 
But/Aur 98. 5  1 8  1 1 0 . 2  21 .0  96. 0  22 98. 4  1 4  
But/Pex 92 . 5  1 2  1 02 .7  1 4 . 5  89. 1  1 4  93 .9  1 1  
But/Pek 88.9 9 96. 0  7.0 86.2  1 1  90 . 0  7 
But/Ctk 1 02 . 5  22 1 1 5 .3 24 . 0  100 . 8  24 1 01 .6  18  
But/Tx7 91 . 1  1 0  1 02 . 2  1 1 . 0 84.3  9 95 .3  12  
Jam/Aur 97.9  16  1 09 . 0  19 . 0  92 .6  18 1 00 .4 16 
Jam/Pex 92 . 7  1 3  1 02 . 5  1 3 . 0  87. 7  1 3  95 .7  13  
Jam/Pek 87. 2  7 97.7  9.0  79. 1 5 91 . 7  9 
Jam/Ctk 1 03 . 2  23 1 1 5 . 0 23. 0  86.4 12  1 1 1 .4 24 
Jam/Tx7 88.0  8 97. 2  8 .0  81 . 2  8 91 .7  10  
Cno/Aur 99.4  20 104.3 17.0  89.4  15  1 03 .7  2 1  
Cno/Pex 84 . 4  4 88.2  3 .0  78.2 4 89 .7  6 
Cno/Pek 85 . 0  6 93. 8  6 . 0  80 .6 7 87.9 4 
Cno/Ctk 98 . 0  1 7  102 .8  16 .0  93 . 0  19  1 0 1 .3  17  
Cno/Tx7 82 . 2  2 87.0  1 . 0 76. 6  1 85 . 5  2 
EE/Aur 103 . 9  24 1 1 0 . 0  20 . 0  1 00 . 0  23 1 06 . 0  23 
EE/Pex 99 . 2  19  102 .3  1 2 . 0  94 . 5  21  1 02 . 3  20 
EE/Pek 92 . 5  1 1  1 02 .7  1 4 . 5  92 .3 17 90 .3  8 
EE/Ctk 1 1 1 . 0 25 1 20 . 0  25 .0  103 .6  25 1 16 . 0  25 
EE/Tx7 100 . 1  21  1 1 0 . 8  22 .0  93. 0  20 1 04 . 1  22 
Thr/Aur 96. 1  1 5  1 05 .8 18 .0  89 .6 16  98 .9  15  
Thr/Pex 84 .4 3 92 .0  5 .0  78. 2  3 87.7 3 
Thr/Pek 84 .9 5 90.5  4 .0  79 . 8  6 88. 1 5 
Thr/Ctlc 95 . 0  14  1 00 .8 1 0 . 0  86.0  1 0  10 1 . 9  1 9  
Thr/Tx7 81 .6 87.7  2 .0  76.9 2 84 . 3  
MEAN 95 .47 101 .85 87.78 96 . 64  
MSE 21 . 00 40 .46 41 .91 23 . 40 
F 1 8 . 02 12 . 1 0  8 .56 17 . 29 
MSD 4 .85 6 .87 7. 1 1  5 . 17 
MSD = mi ninun s igni f i cant di fference based on Wa l ler-Duncan t test 
KRAT I0=100.  
MSE = mean square error . 
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Table  42A. Ranki ng of means for PO averaged over rec i proca ls . 
83-85 1 983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/AUi" 30 .0  1 8  31 .6  19 29 .0  19  29. 2  1 0  
But/Pex 28 . 1 1 0  29.9  1 3  26.7 , ,  27.8  6 
But/Pek 28.6  1 1  30. 0  1 5  26.8  1 2  28 . 7  9 
But/Ctk 33 . 0  23 34 . 2  24 32.2  23 32 .6  21  
But/Tx7 29. 9  17  30 .4 17 28 .7  1 8  30 .6  1 7  
Jarn/Aur 30 . 0  1 9  31 .7  20 27.8  16  30 . 2  1 6  
Jarn/Pex 27 .0  8 26.4 8 25 . 6  7 29. 2  1 1  
Jam/Pelc 29.3 14 30. 1  16 27. 1 1 3  30 . 1  14 
Jam/Ctlc 33 .3 24 33 .4  23 30 .6 21 34 .9  23 
Jam/Tx7 27.6 9 24 .9  5 27.6 1 5  30 .9  1 8  
Cno/Aur 28. 8  13 29 .9 14 25 .5 6 30 . 1  1 5  
Cno/Pex 25 .4  4 23 . 8  3 25 .0  4 27. 5  5 
Cno/Pek 26 .2  6 25 .8 7 25 .5  5 27.4  3 
Cno/Ctk 32 . 5  22 29.3 1 1  32 .3 24 35 . 5  24 
Cno/Tx7 26.4  7 24 . 5  4 25 .8 8 28 .7  8 
EE/Aur 31 . 7  2 1  32 .5  22 29 . 5  20 32 . 7  22 
EE/Pex 28.6 12 28 .4 10 27. 1 14 29.9  13  
EE/Pelc 29.9 16  31 . �  1 8  28.7 17  29 .3 12 
EE/Ctlc 35 .5  25 35 . 7  25 35 . 1  25 35 . 7  25 
EE/Tx7 31 .6  20 32 .0  21  30.9  22 31 .8  19  
Thr/Aur 25 .3  3 26.6  9 22 . 0  26 .4 2 
Thr/Pex 25 . 0  1 23 .3 24 . 0  2 27.4 4 
Thr/Pek 26 .0  5 25 .2  6 24 .4  3 28. 1  7 
Thr/Ctk 29. 5  1 5  29. 5  1 2  26. 4  10  32 . 2  20 
Thr/Tx7 25 . 1  2 23 .4 2 26 .3 9 26 . 1  
MEAN 28 .91 29.0  27. 5  30 . 1  
MSE 4 .64 3 . 66  9.60 3 . 27 
F 1 0 .35 20.65 5 . 28 1 3 . 24 
MSD 2 .34 2 .03 3 . 57 1 .95 
MSO = mi nion s i gn i f i cant di fference based on Wa l ler - Duncan t test 
KRAT I0=100 • •  
MSE = mean -square error . 
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Tab le  43A . Ranki ng of means for HD averaged over rec i proca l s .  
83 - 85 1983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 51 .8 19 49 .5  15  53 .6 17 52 . 2  21 
But/Pex 50.6 14 5 1 . 0  20 52 .2  14  48.6  9 
But/Pelc 45 .6  2 45 . 0  2 46. 0  45 .6  5 
But/Ctk 49 .6  1 1  48. 7  1 0  50 .6 1 1  49 . 3  1 3  
But/Tx7 46. 2  5 47.5  6 47. 1 4 44 . 2  3 
Jam/Aur 5 1 . 2  18 49 .7 17 53 .9 18 50 . 2  1 7  
Jam/Pex 53 . 7  21 53 .4  24 54 .6  20 53 . 0  22 
Jam/Pek 44 .9 1 44 .5  46.9 3 43 . 0  1 
Jam/Ctk 48.9 8 49. 5  1 6  48 .9 8 48 .3  8 
Jam/Tx7 49.4  9 49 .5  13  49 . 1  9 49 .6  15  
Cno/Aur 54 .6  25 5 1 .4  22 57. 5 24 54. 8  25 
Cno/Pex 52 . 1  20 49 .5 14  55 .3 21  5 1 . 4  20 
Cno/Pek 47.8  7 47. 5 5 48.7 6 46. 9  7 
Cno/Ctk 50 . 7  1 5  48.5  8 52.5 15 50 . 7  1 8  
Cno/Tx7 49.4  10  48.5 9 50 .5  1 0  49 . 2  1 2  
EE/Aur 53 .9 23 52.4 23 56. 0  22 53 .6 24 
EE/Pex 54 . 0  24 54 .7  25 56 .0  23 5 1 . 1  19  
EE/Pek 46. 0  3 45 .9 3 47.6  5 44 . 1  2 
EE/Ctk 50. 5  1 2  50 . 7  1 9  51 .4 12 49 .6  1 4  
EE/Tx7 50 .7  16  51 .4 21 51 .7  13  48.9  1 1  
Thr/Aur 53 . 8  22 50 .2 18 58 .0  25 53 .6 23 
Thr/Pex 50 .6  13  49.3 12  52 .5  16  49 .9 16 
Thr/Pek 46. 0  4 46. 1 4 46.5  2 45 .3 4 
Thr/Ctk 50. 7  1 7  49.2  1 1  54 .3  19 48 .7  10  
Thr/Tx7 47. 7  6 47.7 7 48 .9 9 46 .4 6 
MEAN 50 . 00 49 .26 51 . 63 49. 14 
MSE 3 .61 1 .66 1 0 . 1 3  7.93 
F 1 3 .82 21 .81 7.40 7 .05 
MSD 2 . 03 1 .36 3 . 54 3 . 1 9 
MSD = mi n inun s i gni f i cant di fference based on Wa l ler-Duncan t test 
ICRAT I0=100 .  
MSE • mean square error . 
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Tab le  44A . Rank ing of means for ANT averaged over rec i proca l s .  
83 -85 1 983 1984 1985 
mean rank mean rank mean rank mean rank 
Cross 
But/Aur 57.6 18 53 . 6  1 4  61 .8  16  57.7 2 1  
But/Pex 57.9 19  55 . 7  20 62 . 0  1 7  55 .8  1 4  
But/Pek 5 1 . 5  1 49 . 2  1 54 . 1  1 5 1 . 3  5 
But/Ctk 55 .8  1 0  52 .8  8 58.9 10 55 . 8  1 5  
But/Tx7 52 . 2  4 52 . 0  6 55 . 4  4 49 . 5  2 
Jam/Aur 57. 1 16  53 .6  1 3  61 .6  1 5  56 .6  17  
Jam/Pex 60.8 25 58. 2  24 64 .3 21 59 .8  24 
Jam/Pek 5 1 .6 2 49.7  2 55 . 5  5 49. 4  
Jam/Ctk 55 . 1  8 53 .0  9 57.6 6 54 .6  8 
Jam/Tx7 55 . 5  9 53 . 2  10  58.3 8 55 . 7  1 3  
Cno/Aur 60 . 2  23 55 .9  22 65 . 0  24 60 . 2  25 
Cno/Pex 58 .4  20 54 . 4  18  63 .4  20 57. 5  20 
Cno/Pelc 54 . 5  6 5 1 .9  5 57.9 7 53 .4  7 
Cno/Ctlc 57.6 1 7  53 . 2  1 1  62 . 1  1 8  57.0 18  
Cno/Tx7 56. 3  12  53 .4 12 59.9  1 2  55 . 7  1 2  
EE/Aur 60 . 1  22 56 .8  23 64.8 23 59 .6  23 
EE/Pex 60 .6 24 60 . 0  25 64.4  22 57.4  19  
EE/Pek 52 .0  3 50 . 1  3 55 .4 3 50 .3 3 
EE/Ctk 56. 2  1 1  54 . 5  19  59.4 1 1  54 .8  9 
EE/Tx7 57. 0 13  55 . 7  21 60.4  13  54 .8  1 0  
Thr/Aur 59 .6  2 1  54. 3  1 7  65 .5  25 59.4 22 
Thr/Pex 57.0 14  53 .9  16 61 .0  14 56 .3  16  
Thr/Pelc 52 . 3  5 50.8 4 55 .3  2 50 . 9  4 
Thr/Ctlc 57. 1 1 5  53 . 8  1 5  62 . 5  1 9  55 .3 1 1  
Thr/Tx7 54 .9  7 52 .6  7 58. 7  9 53 .3 6 
MEAN 56 .39 53 . 70 60 . 23 55 . 28 
MSE 3 . 03 2 . 26 9.46 9 .37 
F 16 . 5 1  16.69 7.54 6 . 0  
MSD 1 .85 1 .60 3 .41 3 . 53 
MSD = min inun s i gni f i cant di fference based on Wa l ler-Duncan t test 
ICRAT I O=1 00 . 
MSE = mean square err�r .  
